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explosives and demolitions 

preface 

Explosives and Demolitions is a guide to the types and characteristics of 
explosives currently used by the United States as well as a reference on modern 
demolition methods. The manual describes the methods for priming and 
preparing demolition charges and the ways to use charges to support engineer 
battlefield requirements. 

Demolition missions that use explosive materials accomplish their goals more 
quickly than those employing other means. Encompassed in a demolition 
mission are reconnaissance, planning, and coordination as well as selection, 
calculation, placement, priming, and detonation of charges. 

This manual is intended for engineer commanders, noncommissioned officers, 
and staff officers who perforin demolition missions to meet combat engineer 
requirements in support of maneuver units. It is also intended for commanders, 
noncommissioned officers, and staff officers who must use demolitions to 
accomplish a required mission. 

The proponent of this publication is the US Army Engineer School. Submit 
changes for improving this publication on DA Form 2028 (Recommended 
Changes to Publications and Blank Forms) and forward it directly to Comman- 
dant, US Army Engineer School, ATTN: ATZA-TD-P, Fort Beivoir, Virginia 
22060 5291. 

The provisionsof this publication are the subject of international Standardization 
Agreements (STANAGs): 2017, Orders to the Demolition Guard Commander 
and Demolition Firing Party Commander (Edition 3): 2036, Land Minefield 
Laying, Marking, Recording and Reporting Procedures, and 2123, Obstacle 
Folder (Edition 2) as well as Quadripartite Standardization Agreement (QSTAG) 
508, Orders to the Demolition Firing Party Commander. 

This manual prescribes DA Form 2203-R, Demolition Reconnaissance Report 
Form, and it can be found in Appendix E. 



Unless otherwise stated, whenever the masculine or feminine gender is used, 
both men and women are included. 



*This publication supersedes FM 5-25, 5 February 1971. 
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demolition materials 





This manual is a guide in the use of explosives to destroy military obstacles and 
certain construction projects. The contents of this manual are applicable to 
nuclear and nonnuclear warfare. It includes information on — 



■ Types, attributes, and uses of explosives and auxiliary equipment. 

■ Preparation, placement, and firing of charges. 

■ Charge calculation formulas. 

■ Deliberate and hasty demolition methods. 



■ Safety precautions. 

■ Handling, transportation, and storage of explosives. 



■ Use of expedient demolition charges. 



This chapter deals with the types, characteristics, and uses of explosives and 
accessories. 



MILITARY EXPLOSIVES 
DEMOLITION CHARGES 
DYNAMITES 

SPECIAL DEMOLITION CHARGES AND ASSEMBLIES 
DEMOLITION ACCESSORIES 
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Military demolition. Military demolition is the destruction by fire, water, 
explosive, mechanical, or other means of area structures, facilities, or materials 
to accomplish a military objective. Demolitions are explosives used for such 
purposes. Demolitions have offensive and defensive uses. Examples are the 
removal of enemy barriers to facilitate the advance and the construction of 
friendly barriers to delay or restrict enemy movement. 



Explosives. Explosives are substances that, through chemical reaction, violently 
change to a gaseous form. In doing so, they release pressure and heat equally in 
all directions. They are classified as low or high according to the detonating 
velocity or speed (in meters or feet per second) at which this change takes place 
and other characteristics such as their shattering effect. 



Low explosives. Low explosives change from a solid to a gaseous state slowly 
uvgf « SliSldinSEt pefiud (lip 16 4G'G meters o? 1,300 feet per second). This 



characteristic makes low explosives ideal when a pushing or shoving effect is 
required. Examples of low explosives are smokeless and black powders. 



High explosives. High explosives change to a gaseous state almost instan- 
taneously at 1 ,000 meters per second (3,280 feet per second) to 8,500 meters 
per second (27,888 feet per second), producing a shattering effect on the target. 
Use high explosives when a shattering effect, or hrisance, is required. 

Relative effectiveness (RE) factor. Explosives vary in detonating rate or 
velocity (meters or feet per second), as well as other characteristics, such as 
density and energy production These characteristics determine their effec- 
tiveness for cutting, breaching, or cratering charges Most military demolitions 
involve cutting or breaching. The amount of explosive used is adjusted by a 
relative effectiveness (RE) factor, which is based upon the shattering effect of 
the explosive i n relation to that of trinitrotol uene(TNT). The shattering effect of a 
h<gh explosive is related to its detonating velocity. For example, TNT with a 
detonating velocity of 6,900 meters per second has a relative effectiveness 
factor of 1 .00, while Composition C4 with a detonating velocity of 8,040 meters 
per second has a relative effectiveness factor of 1 .34 (Table 1 -1 ). 

Cratering effect. The cratering effect of high explosives depends upon their 

total energy content, which determines the amount of energy available to throw 

the broken material from the crater. Because a shattering effect is not required 

to form a crater, low-velocity explosives are generally more effective for 

cratering purposes. Therefore, the relative effectiveness factor is not considered 

in determining the effect of a cratering charge. Blasting road craters or ditches 

normally requires large amounts of explosives. Because it is effective and 

inexpensive, an ammonium nitrate basedcratering charge is usedasa standard 
cratering charge 
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Table 1-1. Characteristics of principal US explosives used for demolition purposes 



Name 



Principal uses 



Black powder 
Ammonium nitrate 
Amarol 80/20 
Military dynamite. 

Ml 



Tune blasting lose 
Demolition charge (cratering! 
Bursting charge 
Demolition charge (quarrying, 
stumping, and ditching! 



Detonating cord Printing 




Velocity of 
detonation 
(m/sec) I {ft/ sec)" 



4' 
2.7 
4.9 _ 
6.100 



6.100 

7.300 



1.300 
8.900 
16.000 
20.000 



20.000 

24.000 



Demolition charge (breaching) 6,900 22.600 

and composition explosive 



Relative 
effectiveness 
as a 

breaching charge 
(TNT -- 1 .00} 




.55 

42 
1 17 
0.92 



Intensity 

of 

poisonous 

fumes 



Water 

resistance 



Dangerous 

Dangerous 

Dangerous 

Dangerous 





Excellent 



Dangerous Excellent 



Telrytol 75/25 
Tetryl 



Demolition chai ge (breachingl 
Booster charge and 
composition explosives 



Sheet explosive Demolition charge (cutting) 
Ml 18 and M186 



Pentolite 50/50 Booster charge and bursting 

charge 



Nitroglycerin 



Shaped charges 
M2A3, M2A4, 
and M3A1 



Composition B 
Composition C4 
and Ml 1 2 
Composition A3 



RDX 



Commercial dynamites 



Bangalore Demolition charge (wne aiai 

torpedo, M1A2 minefield breaching} 



Demolition charge (culling 
holes! 




Bursting chaigo 
Demolition charge (cut and 
breach | 

Booster charge anti bursting 
charge 



Detonating cord, blasting caps, 
and demolition charges 



Blasting caps., composition 
explosives 



7000 23.000 

7.100 23.300 
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7300 24.000 



7.450 24.400 




7.700 25.200 



2 5,600 



7.800 25.600 



7800 2b. BOO 

8.040 26.400 

8.100 26,500 



8,3 00 2 7,200 



8.350 2 7.400 



1 20 

1 25 



1 35 
1.34 



1.60 



Dangerous Excellent 
Dangerous Excellent 




Dangerous 1 Excellent 



Dangerous Excellent 



Dangerous 




Slight 




Dangerous Excellent 



Dangerous I Excellent 



Dangerous Excellent 
Stjght Excellent 

Dangerous Good 



Excellent 



Dangerous Excellent 
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Characteristics 

To be suitable for use in military operations, explosives must have certain 
properties. Military explosives must — 

■ Be inexpensive to manufacture and capable of being produced from readily 
available raw material 

■ Be relatively insensitive to shock or friction, yet able to positively detonate by 
easily prepared initiators. 

■ Have the shattering effect and potential energy adequate for the purpose. 

■ Be stable enough to retain usefulness for a reasonable time when stored in 
any climate at temperatures between -80 and +165 degrees Fahrenheit. 

■ Have high density (weight per unit of volume). 

■ Be suitable for use under water or in damp climates. 

■ Have minimum toxicity (poisonous effects) when stored, handled, and 
detonated. 

■ Be a convenientsize andshape for packaging, storing, distributing, handling, 
and emplacing by troops. 

■ Have high energy output per unit of volume. 

Detonation 

The detonation or burning of all explosives produces poisonous fumes. The 
chemicals used in explosives are poisonous. Caution personnel against inhaling 
fumes or ingesting expiosfves. When explosives are used in closed areas or 
underground, allow adequate time for the fumes to dissipate before investi- 
gation Control the explosives to prevent their use, such as burning as a source 
of heat or cooking, for other than their intended purpose. 

Fire Hazards 

Explosives contain their own oxidizer. Burning explosives cannot be extin- 
guished by smothering or with water. In fact, smothering will probably cause an 

explosion. Because of the possibility of detonation while explosives are burning, 
observe the minimum safe distance. 



WA R N I N G I Personnel sh ould not attempt to extinguish burning 

| explosive without expert advice and assistance. 

Fire Safety Precautions for Transport 

If fire breaks out in a vehicle transporting explosives, try to stop the vehicle away 

from any populated buiidings. Stop traffic in both directions, and warn drivers. 

passengers, and occupants of nearby buildings to keep at least 2,000 feet away. 

Inform police and firefighting authorities that the cargo is explosives. If a fire 

involves only the engine, cab, chassis, or tires, make an effort to put out the fire 

with fire extinguishers, sand, dirt, or water. If the fire spreads to the body or 

cargo. STOP FIGHTING THE FIRE AND EVACUATE THE AREA to a distance of at 
least 2,000 feet. 
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Selection of Explosives 

Explosives usually are selected for a particular purpose based on their relative 
power. Consider all the characteristics listed in Chapter 1, Characteristics, 
when choosing the most suitable explosive for n particular demolition project. 
For detailed information and characteristics of military explosives, see Technical 
Manual (TM) 9-1300-214. Table 1-1 on page 1 3 contains significant informa- 
tion regarding many of the explosives next described. 

Ammonium Nitrate 

Ammonium nitrate is the least sensitive of military explosives and must be 
initiated by a booster charge to successfully detonate. Because of its low 
sensitivity, ammonium nitrate is widely used incomposite explosives where it is 
combined with a more sensitive explosive (see paiagraph on amatoi on page 
1-6; paragraph on 40-pound ammonium nitrate block demolition charge in 
Chapter 1, Demolition Charges; and commercial dynamites in Chapter 1, 
Dynamites.) Ammonium nitrate is not suitable for cutting or breaching charges 
due to a low detonating velocity. Because of its cratering effect and low cost, 
ammonium nitrate is used chiefly in cratering and ditching charges. It is widely 
used commercially in quarrying. Pack ammonium nitrate in an airtight container 
because if"is extremely hygroscopic, that is, it absorbs moisture in the air. 
Ammonium nitrate or composite explosives containing ammonium nitrate are 
not suitable for underwater use unless packaged in a waterproof container or 
detonated immediately after emplacement. Ammonium nitrate prill can also be 
mixed with No 2 diesel fuel to form a free-flowing, oxygen balanced explosive 
mixture called ANFO. it is normally mixed at a ratio of 94 percent ammonium 
nitrate to 6 percent fuel oil and can be used in place of the standard 40-pound 
cratering charge. Prime ANFO with a booster charge. 

Pentaerythrite Tetranitrate (PETN) 

Pentaerythrite tetranitrate (PETN) is highly sensitive and one of the most 
powerful military explosives. It is comparable in force to cyclonite (RDX) and 
nitroglycerin. The PETN explosive is used in boosters, detonating cords, and 
some blasting caps. It is also used in composite explosives with TNT (see the 
paragraph on pentolitefor with nitrocellulose as a demolition charge such as the 
Ml 1 8 demolition charge. The PETN explosive is almost insoluble in water and 
may be used in underwater demolitions 

Cyclonite (RDX) 

Cyclonite (RDX) is highly sensitive and is one of the most powerful military 
explosives. It is used alone as the base charge in the M6 electric and M7 
nonelectric blasting caps. When it is desensitized, it is used as a subbooster, 
booster, bursting charge, and demolition charge The principal use of RDX is in 
composite explosives such as Composition A, B, and C explosives. 
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Trinitrotoluene (TNT) 

Trinitrotoluene (TNT) is the most common military explosive. It is widely used 
alone or as part of a composite explosive as a booster, bursting, or demolition 
charge. As a standard explosive, it is used to rate other military high explosives. 

Tetryl 

Tetryl is used alone as a booster charge and a bursting or demolition charge in 

some composite explosives. Tetryl is more sensitive and powerful than TNT. 

However , tetryl and composite explosives containing tetryl are being replaced by 

RDX and PETN-based explosives which have increased power and shattering 
effects. 

Nitroglycerin 

Nitroglycerin is one of the most powerful high explosives. It is comparable in 
force to RDX and PETN. It is used as the explosive base for commercial 
dynamites. Nitroglycerin is highly sensitive and is jlfuuluU by extreme 
temperatures Due to the sensitivity and the difficulty in handling nitroglycerin, 

it is not used in military explosives. Do not use commercial dynamites in combat 
areas. 

Black Powder 

BJack powder is the oldest explosive and propellant known. It is a composite 
made of potassium or sodium nitrate with charcoal and sulfur. Black powder is 
used in time fuses, some igniters, and some detonators. 

Amatol 

Amatol is a mixture of ammonium nitrate and TNT. It has been used as a 
substitute for TNT in bursting charges. The 80-20 a matof (80 percent ammonium 
nitrate a nd 20 percent TNT) is used in some older bangalore torpedoes. Because 
amatol contains ammonium nitrate, it is hygroscopic and must be stored in an 
airtight container. If properly packaged, amatol can be stored for long periods of 
time with no change in sensitivity, brisance, or stability. 

Composition A3 

Composition A3 is a composite explosive containing 91 percent RDX and 9 
percent wax, which coats the RDX particles, desensitizes them, and acts as a 
binder. Composition A3 is used as a booster charge in some newer shaped 

charges and bangalore torpedoes. It is also used as the main charge in high 
explosive plastic (HEP) projectiles. 

Composition B 

Composition B is a composite explosive containing approximately 60 percent 
RDX, 39 percent TNT, and 1 percent wax. It is more sensitive than TNT. Because 
of ftsshattering power and high rate of detonation. Composition B is usedasthe 
main charge in shaped charges. 

Composition B4 

Composition B4 contains 60 percent RDX, 39.5 percent TNT, and 0.5 percent 
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calcium silicate. It is used as the main charge in newer models of bangalore 
torpedoes and shaped charges. 

Composition C4 

Composition C4 is a composite explosive containing 91 percent RDX and 9 
percent nonexplosive plasticizers. Composition C4 is also used as a burster 
charge. It is highly brisant and is moldable over a wide range of temperatures 
(-70 to +1 70 degrees Fa hrenheit). It is more stable and less subject to erosion by 
water when used for underwater demolitions. 

Tetrytol 

Tetrytol is a composite explosive of tetryl and TNT (75 percent tetryl and 25 
percent TNT). It is used as a demolition charge. Other mixtures are used as 
booster charges. Tetrytol is more powerful and brisant than TNI and less 
sensitive than tetryl. 

Pentolite 

Pentolite is a mixture of PETN and TNT. Because of its high power and 
detonating rate, a mixture of 50-50 pentolite(50 percent PETN and TNT) is used 
as a booster charge in certain models of shaped charges. 

Dynamites 

% 

Dynamites are of two types — standard and military. Their composition and uses 
differ. 

Standard dynamite. Most dynamites, with the notable exception of military 
dynamite, contain nitroglycerin plus varying combinations of absorbents, 
oxidizers, antacids, and freezing point depressants. Dynamites vary greatly in 
strength and sensitivity depending upon, among other factors, the percentage of 
nitroglycerin they contain. Use dynamites for general blasting and demolitions, 
including land clearing, cratering and ditching, and quarrying For additional 
information, see Chapter I, Commercial Dynamites. 

Military dynamite. Military dynamite is a composite explosive that contains 75 
percent RDX, 1 5 percentTNT, and 10 percent desensitizersand plasticizers. It is 
equivalent in strength to 60 percent commercial dynamite. Military dynamite 
contains no nitroglycerin, and it is more stable and safer to store and handle 
than commercial dynamite. 

Foreign Explosives 

Characteristics. Explosives used by foreign countries include TNI, picric acid, 
amatol, and guncotton. Picric acid is similar to TNT except that it corrodes rnetals 
and thus forms extremely sensitive compounds. 

Do not use a picric acid explosive in a rusted or 
corroded container. It should not be handled, except 
to move it very carefully to a safe disposal area for 
destruction. 



WARNING 
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Use. Explosives of allied nations and those captured from the enemy may be 
used to supplement standard supplies. Such explosives, however, should be 
used only by expert demolition.sts and then only according to instructions and 
directives of theater commanders. Captured bombs, propellants, and other 
devices may be used with US m ilitary explosives for larger demolition projects, 
such as pier, bridge, tunnel, and airfield destruction (see Appendix B). Most 
foreign explosive blocks have cap wells large enough to receive US military 
blasting caps. When used to detonate foreign explosives, these blasting caps 
should be test fired to determine their adequacy before extensive use since 
these explosives may be less sensitive than US types 



DEMOLITION CHARGES 

Block Demolition Charges 

Biock demolition chargee are p r = pslfilsa g fi H lm,h uxp| osl y 8 charges UMd in 

general demolition operations such as cutting, breaching, and cratering They 

are composed of the high explosive TNT. tetrytol, Composition C series, and 

ammonium nitrate. They are made in the form of rectangular blocks excepting 

the 40-pound ammonium nitrate block demolition charge, military dynamite 

and the W-pound TNT block demolition charge, which are made in cylindrical 

form The various block charges available are described in the text that follows 

as well as Table 1-2. For detailed information and characteristics of demolition 
charges and accessories, see TM 43 0001 -38. 



Table 1 2. Characteristics of block demolition charges 



Nomenclature 

i rior/iQ 


Explosive 

TfclT 


Weight 


Size, in 


Velocity of 
detonation, 
m/sec and ft/ sec 


Relative 
effectiveness 
(RE) factor 


' 

Packaging and 
total wekiht 


L rial y tf , 

Demolition: 


1 N 1 


V* lb 


I'/j o x 3 1 /? L 






200 per wooden box. 


Block {TNT) 




'/> lb 


1 3 /g X 1% X 3U 


6,900 m/sec. 22,600 ft/ sec 


1.00 


wt: 79 lb 

96 per wooden box. 






1 lb 


1 % x 1 H x 7 






wt: 65 lb 
48, 50, or 56 per 
wooden box. 
wt 80 Jh 


Charge, 
Demolition: 
Ml 12 biock 


Comp C4 


1 % lb 


1x2x11 


B,040 m/sec, 26,400 ft/ sec 


1 .34 


1 per plastic bag, 
30 bags (30chg) 














per wooden box. 
Wt‘ 4ft ih 


Charge, 
Demolition: 
Ml 1 8 block 


HpeTN or 
RDX based 


Block: 2 fb 
Sheet: V& lb 


Block. 1 '/4 x 
3V 4 x 1 2V? 
Sheet: 

V* x 3 x 1 2 


7,190 m/sec, 23,600 ft/sec 


1 14 


vv i. *4-0 ID 

1 block (4 sheets) per 
plastic wrapper, 

20 blocks per 
wooden box. 


Charge, 
Demolition: 
Ml 86 roll 


PETN or 
RDX based 


25 lb 
V6 Ib/ft) 


Vi m x 3 in x 
50 ft 


7,190 m/sec, 23,600 ft/ sec 


1.14 


wt: 52 lb 

1 roll per canvas bag, 
3 bags per wooden 
box Wt* 1 1 S lh 


Charge, 

Demolition: 

Ammonium 

nitrate 


Ammonium 
nitrate with 
TNT booster 


43 lb 


7 D x 24 L 


3,400 m/sec, T 1 ,000 ft/ sec 


042 


1 metal container per 
wooden box. 
wt: 52 lb 
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TNT Block Demolition Charge 

Characteristics. TNT demolition blocks, shown in Figure 1-1, are issued in three 
sizes as listed in Table 1-2. The %-pound block is issued in a cylindrical 
waterproof olive-drab cardboard container The V?-pound and 1 pound blocks 
are issued in similar rectangular containers. All of the three charges have metal 
ends with a threaded cap well in one end Additional characteristicsare listed in 




Figure 1-1. TNT block demolition charges 

Use. Trinitrotoluene block demolition charges are standard demolition charges 
used for all types of demolition work Flowever, the 14-pound charge is used 
primarily for training purposes. 

Advantages. Trinitrotoluene demolition charges have a high detonating velocity. 
They are stable, relatively insensitive to shock or friction, and water resistant. 
They are also convenient in size, shape, and packaging. 

Limitations. Trinitrotoluene block demolition charges cannot be molded and are 
difficult to use on an irregular-shaped target. Trinitrotoluene is not recom- 
mended for use in closed spaces because its explosion produces poisonous 
gases. 



1-9 




FM 6-25 



Ml 12 Block Demolition Charge 

Characteristics. The Ml 12 block demolition charge consists of V/* pounds of 

Composition C4 packed in a Mylar-film container with a pressure-sensitive 

adhesive tape on one surface {Figure 1 -2). The tape is protected by a peelable 

paper cover. Additional characteristics of the Ml 1 2 block are listed inTable 1 2 
on page 1 -8. 






'K* 






CV\I\RGE 



DEMO UT1qn 



M112 



NOTE: The Composihon C4 m some Ml 1 2 blocks is dull gray and 
packed in a clear Mylar-film container. In blocks of recent 
manufacture. Composition C4 is white and packed in anolive-drab, 
Mylar-film container. 

Figure 1 -2. Ml 12 block demolition charge 

Use. The Ml 12 block demolition charge is used primarily for cutting and 
breaching ail types of demolition work. Because of its moldability and high 
brisance, the charge is ideally suited for cutting irregularly shaped targets such 
as steel. The adhesive backing allows the charge to be attached to any relatively 
flat, clean, dry surface above freezing point. 

Advantages. The Ml 1 2 block demolition charge can be cut and molded to fit 
irregularly shaped targets while being easily attached to the target. The color of 
the wrapper aids in camouflage. 

Limitations. Odd weight makes calculating charge weights difficult. Adhesive 
tape will not adhere to wet, dirty, rusty, or frozen surfaces. 

( Composition C4 explosives are poisonous and danger- 
ous if chewed or ingested; their detonation or burning 
produces poisonous fumes. 

Ml 18 Block Demolition Charge 

Characteristics. The Ml 18 block demolition charge, or sheet explosive , is a 

block of four 16-pound sheets of flexible explosive packed in a plastic envelope 

{Figure 1-3). Twenty Ml 18 charges and a packageof 80 M8 blasting cap holders 

are packed in a wooden box. Each sheet of the explosive has a pressure- 

sensitive adhesive tape attached to one surface Additional characteristics are 
listed in Table 1 -2 on page 1 8. 
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NOTE: The exact type of explosive contained in Ml 1 8 demolition 
charges wjII vary with the manufacturer. Some manufacturers 
currently use P£TN as a basic explosive; others use RDX. Charges 
in the future may include other explosives. 



Figure 1-3. M 1 1 8 block demolition charge 



Use. The Ml 18 demolition charges are designed as a cutting charge especially 
against steel targets. The sheets of explosive can be quickly applied to irregular 
and curved surfaces and easily cut to any desired dimensions. The Ml 18 
demolition charge may be used for small breaching charges but should not be 
used as a bulk explosive charge because of its high cost. 

Advantages. Theflexibility andadhesive backing of the sheets allow them to be 
applied to a large variety of targets. The y? -pound sheets can be cut to the desired 
dimensions and applied in layers to achieve the desired thickness. They are not 
affected by water and may be used in underwater demolitions. 

Limitations. Adhesive tape will not adhere to wet, dirty, rusty, or frozen 
surfaces. 

Cut sheet explosives with a sharp steel knife on a 
nonsparking surface. Do not use shears. 




Ml 86 Roll Demolition Charge 

Characteristics. The Ml 86 roll demolition charge, shown in Figure 1 -4 {page 
1 -1 2), is identical tothe Ml 18 demolition charge exceptthatthe sheet explosive 
is in the form of a 50-foot roll on a plastic spool, rather than in sheet form. Each 
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foot of the roll provide 'ij* ! Prox • rr'-i s rrl v 
roll are 15 M8 blasting uap holders . 
Additional characlet istics art* given m 



pound of explosive, included with each 
md a canvas bag with a carrying strap. 
• l iL>ie 1-2 on page 1 -8. 



PRESSURL St.N£lllVi. TAPE 




PROTECTIVE COVER 



N O T t 




ivi't- "I pxiilosive contained in Ml 86 demolition 



• - UII - v. !! •. r,, s '--m: t 
i . ; i • = - - ; i • I ■. : i •[ !-N h.‘ 

n > ! I f I ii'i.i: i ii. rv >i •!. ! 



h t! i-s ni.iiiu'f;ir;turtfr. Some manufacturers 
a 1 )<i sit explosive. Olliers use RDX. Charges 
iifJe other explosives 



figure 1 4. Ml 8b roll demolition charge 



Use. The Ml 86 roll demolition charge is used in the same manner asthe Ml 1 8 
block demolition charge. The Ml 86 ohm go is adaptable for demolishing targets 
that require the use of flexible explosives n\ lengths longer than 12 inches. 

Advantages. The Ml 86 it II demoUtmn charge has all the advantages of the 
Ml 1 8 charge. The Ml 80 charge may be -::ul It' the exact lengths desired. 



Limitations. The adhesive? backing wdf not adhere to wet, dirty, rusty, or frozen 
surfaces. 



warning! 



Cut sheet explosives with a sharp steel knife on a 
nonsparking surface. Do not use shears. 



Forty-pound Ammonium Nitrate Block Demolition Charge 
Characteristics. Figure 1-b shows d-e 40 pound ammonium nitrate block 
demolition charge or cratering charge. It is s watertight cylindrical metal 
container with appi m<i motel y 30 pounds ot an ammonium nitrate-based 
explosive and a i NT cased explosive booster of approximately 1 0 pounds in the 
center portion next tu liu ; pr-umig lurme's. T he two pr imingtunnels are attached 
tothe outside of the container midway between the ends. Onetunnel servesasa 
cap well for priming the block demolition charge with an M6 electric or M7 
nonelectric military blasting cap f he other tunnel is used for priming, with the 
detonating cord passing through the tunnel and knotted at the end. A cleat 
between the tunnels is p.uwduo tor securing the time blasting fuse, electrical 
firing wire, or detonating cord in place. A metal ring is provided on the top of the 
container for lowering the charge into the hole. Additional characteristics are 
listed in Table 1 -2 on page 1 8 
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DETOMATING 

CORDTUNNEL 

CLEAT 

/ 



CAP WELL 

LOWERING RING 

NOTE: Dual prime ammonium nitrate cratering charges. 

Figure 1 -5. A 40-pound ammonium nitrate block demolition charge (cratering 

charge) 

Use. The 40-pound ammonium nitrate block demolition charge is suitable for 
cratering and ditching operations. It has been designed as a standard cratering 
charge but can also be used in destroying buildings, fortifications, and bridge 
abutments. 

Advantages. The size and shape of the charge make it ideal for cratering 
operations. It is inexpensive to produce compared to other explosives. 

Limitations. Ammonium nitrate absorbs moisture. When wet, it is impossible to 
detonate. To ensure detonation, use only those metal containers showing no 
evidence of water damage. Detonate all the charges placed in wet or damp 
boreholes as soon as possible. 





DYNAMITES 



Ml Military Dynamite 

Characteristics. The Ml military dynamite is an RDX-based composite explosive 
containing no nitroglycerin (Figure 1 -6). The Ml military dynamite is packaged 
in V?- pound, paraffin-coated, cylindrical paper cartridges which have a nominal 




Figure 1-6 Ml military dynamite 
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diameter of VA inches and nominal length of 8 inches. Additional characteristics 
are given in Table 1 -3. 

Use. The Ml military dynamite is used in military construction, quarrying, 
ditching, and service demolition work. It is suitable for underwater demolitions. 

Advantages. Military dynamite will not freeze in cold storage nor exude in hot 
storage. The composition does not absorb or retain moisture. Shipping con- 
tainers do not require turning during storage. It is safer to store, handle, and 
transportthan 60-percent commercial dynamite. Military dynamite maybe used 
in combat areas. 



Limitations. Military dynamite is reliable underwater only up to 24 hours. 
Because of its low sensitivity, sticks of military dynamite must be well 
compacted to ensure complete detonation of the entire charge. The Ml 
riynamite i<? not efficient as a cutting or breaching charge- 



WARNING 



There must not be any voids in the loading of 
boreholes in quarrying. Military dynamite will even- 
tually detonate if set afire in a confined space. Thus, a 
secondary explosion can result from a borehole with 
a void in its loading. After the first blast, it may take 
up to 1 5 minutes for such an explosion to occur. 



Table 1 -3. Characteristics of dynamites 



Name 


Principal 

uses 


Velocity of detonation, 
m/sec and ft/sec 


Relative 
! effectiveness 
as a breaching 
charge 


Intensity 

of 

poisonous 

fumes 


Water 

resistance 


Military dynamite. Ml 


Demolition 


6.100 m/sec, 20.000 ft/ sec 


0.92 


Dangerous 


Good 




charge 










Straight dynamite 40% 




4,600 m/sec. 15,000 ft/sec 


0.65 






(commercial) 










Good (if fired 


50% 


Demolition 


5,500 m/ sec. 18,000 ft/sec 


0 79 


Dangerous 


wUhirr 24 hours) 




charges j 








w 


60% 




5,800 m/sec, 19,000 ft/sec 


0.83 






Ammonia dynamite 40% 




2.700 m/sec. 8,900 ft /sec 


0.41 






(commercial) 












50% 




3,400 m/sec. 1 1,000 ft/sec 


0 46 


Dangerous 


Poor 


60% 




3.700 m/sec, 12,000 fi/sec 


0.53 


► 

• 




Gelatin dynamite 40% 




2,400 m/sec, 7.900 ft/ sec 


0 42 






(commercial) 












50% 




2,700 m/sec, 8.900 It/ sec 


0 47 


Slight 


Good 


60% 




4.900 m/sec, 16.000 ft/sec 


0.76 






Ammonia-gelatin 40% 




4,900 m/sec. 1 6,000 ft- sec 





Slight 


Excellent 


dynamite 












(commercial) 60% 




5,700 m/sec. 18,700 It/sec 


— 
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Commercial Dynamites 

Characteristics. Commercial dynamite is sensitive to shock and friction (Figure 
1-7). Therefore, it is not generally used in combat areas. Commercial types of 
dynamite are straight, ammonia, gelatin, and ammonia-gelatin. Descriptions 
and traits follow. (Additional characteristics are given in Table 1 -3.) 

■ Straight dynamite consists of nitroglycerin and a nonexplosive filler. The 
percentage corresponds to the relative amount of nitroglycerin contained in 
each stick. 

fl Ammonia dynamite is composed of ammonium nitrate and nitroglycerin. The 
percentage composition is computed in the same way as for straight 
dynamite. 

■ Gelatin dynamite is a plastic dynamite with an explosive base of nitrocotton 
dissolved in nitroglycerin, it is relatively insoluble in water. 

■ Ammonia gelatin dynamite is a plastic dynamite with an explosive base of 
mtrnrnttnn dissolved in nitroglycerin with ammonium nitrate added. It is 
suitable for underwater use. 




NOTE: Do not use commercial dynamite in combat areas unless 
required 



Figure 1 -7. Commercial dynamite 



Detonation. Commercial dynamites can be exploded when primed with a 
commercial No 6 or larger blasting cap, a military eiectric or nonelectric blasting 
cap, or detonating cord. 

Storage. When straight dynamite is stored, the nitroglycerin tends to settle to 
the bottom of the sticks. To prevent thissettling, straight dynamite cases should 
be turned at frequent or regular intervals {see TM 9-1 300 206). 



Old dynamite. Old dynamite can be recognized by the oily substance collected 
on the casing or stains appearing on the wooden packing of the nitroglycerin 
from the porous base. 



WARNING 



Dynamite in this state is extremely sensitive and must 
not be used. It should be destroyed in accordance 
with TM 9-1300-206 or the manufacturer's recom- 
mendations. 
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Low-temperature effects. The sensitivity of commercial dyna mite decreases at 
lower temperatures until the dynamite freezes. 



WARNING 



Because of the crystallization that occurs as nitro- 
glycerin freezes, dynamite becomes extremely sen- 
sitive and should not be used. Frozen dynamite can be 

recognized by its hardness and the appearance of 
crystals. 



SPECIAL DEMOLITION CHARGES AND ASSEMBLIES 



Shaped Demolition Charges 

Shaped demolition charges used in military operations are cylindrical blocks of 
high explosive, having a conical cavity in one end which directs the cone Jiner 
material mtoa narrow jet for penetrating materials{Frgure 1 -8). Jtis not effective 
underwater since water in the conical cavity will prevent the high-velocity jet 
from forming. To obtain maximum effectiveness, locate the cavity at the 
specified standoff distance from the target, and detonate the charge from the 

exact rear center of the charge Conventional methods of dual priming are not 
applicable to shaped charges. 




1 5 Vi JN 




75 IN 



M3 



Figure 1-8. Typical shaped charges 
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Fifteen-pound M2A3 shaped demolition charge. The M2A3 charge contains 
approximately 9V? pounds of Composition B with a 50-50 pentolite booster 
weighing approximately 2 pounds. It is packed in a moisture-resisting molded 
fiber container. Older models are completely pentolite loaded A cylindrical fiber 
base slips onto the end of the charge to provide a standoff distance. A cone of 
glass is used as a cavity liner. Additional characteristics are listed in Table 1 -4. 

Fifteen-pound M2A4 shaped demolition charge. The M2A4 charge is the 
same as the M2A3 charge in performance, but is Jess sensitive to gunfire. It 
differs in the booster size and materials as follows: the 50-50 pentolite booster 
has been replaced by 50 grams of Composition A3 r and the main charge of 
Composition B has been increased to maintain the same total weight as the 
M2A3 charge Additional characteristics are listed in Table 1-4. 

Forty-pound M3 shaped demolition charge. The M3 shaped charge contains 
approximately 27V? pounds of Composition B with a 50-50 pentolite booster in a 
metai container. Thecavity liner is made of metal. To obtain a standoff distance, 
a metal tripod is provided. Additional characteristics of this charge are listed in 
Table 1 -4. 

Forty-pound M3A1 shaped demolition charge. The M3A1 charge is the same 
asthe M3 charge in performance, but is less sensitive to gunfire. Itdiffers in the 
booster size and material as follows: the 50-50 pentolite booster has been 
replaced by a booster of approximately 50 grams of Composition A3, and the 
main charge of Composition B has been increased to maintain the same total 
weight as the M3 charge 



Table 1 -4. Characteristics of shaped demolition charges 



Type 


Explosive 


Weight 


Size, in 


Packaging and 
total weight 


Charge, Demolition: 
Shaped 15-lb, M2 A3 


Pentolite or compose 
Xion B, with 50/' 50 
pentolite booster 


15 ib 

! 

1 

i 


14 ib -''nj x 7 m w/ 
hberboard standoff 


1 . 

2 per wooden box, 
wt: 58 Ib 

2 

3 per wooden box. 
wt: 65 Jb 


Charge, Demolition; 
Shaped 15- lb, M2 A4 ; 


Composition B. with 
composition A3 booster : 


15 lb 


1 4 ,S5 /i6 x 7 in w/ 
fiberboarcf standoff 


3 per wooden box. 
wt: 65 Ib 


Charge, Demolition: 
Shaped 40-lb, M3 


Composition 8, with 
50/50 pentolite 
booster 


40 lb 


15'/? x 9Jn less 
standoff 


1 charge per wooden box. 
wt: 65 Ib 


Charge, Demolition: 
Shaped 40-lb, M3A1 


Composition B. with 
composition A3 booster 


40 lb 


1 5 Vi? x 9 in less 
standoff 


1 charge per wooden box 
wt: 65 Ib 
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CARRYING CASE M85 
(FILLED} 



Use. Shaped demolition cbargesare used primarily to bore holes in earth, metal, 
masonry, concrete, and paved and unpaved roads. Their effectiveness depends 
largely on their shape, the material of which they are made, the explosive, and 
proper placement. The penetrating capabilities in various materials and proper 
standoff distances are discussed in Chapter 3. 

Special precautions. To achieve the maximum effectiveness of shaped 
charges — 

■ Center the charge over the target point. 

■ Set the axis of the charge in line with the direction of the desired hole. 

■ Use the pedestal provided to obtain the proper standoff distance. 

S Remove any obstruction in the cavity liner or between the charge and the 

target. 

Ml S3 Demolition Charge Assembly 

Characteristics. The Ml 83 demolition charge assembly or satchel charge 
consists of 16 Ml 12 {Composition C4) demolition blocks and 4 priming 
assembl ies for a total explosive weight of 20 pou nds. The demolition blocks are 
packed in two bags, eight blocks per bag, and placed in an M85 canvas carrying 
case. One assembly is packed in a canvas carrying bag, and two bags are packed 
in a wooden box 17Va by 1 1 V? by 1 2Y? inches The gross package weight is 57 
pounds. Each priming assembly consists of a 5-foot length of detonating cord 
with an RDX booster crimped toeach end anda pair of Ml detonating cord clips 
for attaching the priming assembly to the detonating cord main line. 

Use. The Ml 83 demolition charge assembly, shown in Figure 1-9, is used 
primarily in breaching obstacles or demolition of structures where large 
demolition charges are required. It is also effective against obstacles such as 
smalJ dragon s teeth approximately 3 feet high and 3 feet wide at the base. The 
Ml 83 demolition charge assembly replaces the M37 demolition charge 
assembly as the standard item of issue. 



f 



— » — ft. — 
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DETONATING 
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CHARGE 
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DETONATING 
CORO CUP 

BOOSTER 



I 



/TV// /• 

•Ll ... . s'. , / 



62 IN MAX 



PRIMING ASSEMBLY 
(4 ASSEMBLIES PER KIT) 



Figure 1 -9 Ml 83 demolition charge assembly 
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Detonation. Detonate the Ml 83 demolition charge assembly by means of a 
priming assembly and an electric or nonelectric blasting cap, or by the 
detonating cord ring main attached by means of the detonating cord clips 
provided. 



Ml A1 and Ml A2 Bangalore Torpedo Demolition Kits 

Characteristics. Each kit consists of 10 loading assemblies. The loading 
assemblies, or torpedoes, are steel tubes 5 feet long and 2Yb inches in diameter, 
grooved, and capped at each end {Figure 1 -10). The torpedoes in the Ml A1 kit 
are loaded with amatol and a 4 inch booster of TNT at each end. The torpedoes in 
the M 1 A2 kit are identical to those in the M 1 A1 kit except the main explosive 
charge is Composition B and the 4-inch booster at each end is Composition A3. 
Connecting sleeves and nose sleeves are provided in each kit. Additional 
characteristics are listed in Table 1 -5. 



^ BOOSTER 


( t" 1 


/ COMPOSITION A3 




— r"'"“ UUMKUol I iu pj a 



4 in ► 

THREADED CAP WELL 




NOSE SLEEVE 




LOADING ASSEMBLY 
Figure 1-10. M 1 A2 bangalore torpedo 





Table 1 -5. Characteristics of bangalore torpedoes 



Type 


Components 


Torpedo 

weight 


Explosive 

per 

torpedo 


Packaging and 
total weight 


M1A1 


10 loading assemblies or 
torpedoes; 1 0 con- 
necting sleeves; one 
nose sleeve 


Approx 1 3 lb 


Approx 9 lb amatol and 
TNT booster 

~ 


One kit packed in wooden box, 
641.% x 1 3 7 % x 7 Vi in. 
wt: 1 76 lb 


M1A2 


1 0 loading assemblies or 
torpedoes, 1 0 con- i 

necting sleeves; one 
nose sleeve 


Approx 1 5 it 


Approx 1 0.5 comp B4 
and 1 lb comp A3 
boosler 


One kit packed in wooden box, 
60Hx }3 3 A x4^i6 in. 
wt: 198 lb 
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Use. The b a ngalore torpedo demolition kit is used to clear paths through barbed- 
wire entanglements, minefields, heavy undergrowth, and bamboo. It clears a 
path approximately 3 to 4 meters wide through barbed-wire entanglements. In 
minefield breaching, it will explode all antipersonnel mines and most of the 
antitank mines in a narrow footpath, approximately 1 meter wide. Many of the 
mines at the sides, however, may be shocked into a sensitive state. Thus 
extreme care is necessary in any further mine clearing. 

Assembly- All sections have a threaded cap well at each end. To assemble two 
or more tubes, press a nose sleeve onto one end of one tube, and then connect 
successive tubes usi ng the connecting sleeves provided until the desired length 
is reached. The connecting sleeves provided make rigid joints. The nose sleeve 
assists the user in pushing the torpedo through entanglements and across the 
ground. It is advisable to attach an improvised part, similar to a loading section 
without an explosive on the end, to prevent premature detonation by a mine as 
the torpedo is shoved into place. 

Detonation. Military electric or nonelectric blasting caps are used to detonate 
the bangalore torpedo. Inobstacleclearance, protectthe cap well attheendwith 
tape or a wooden plug while the torpedo is being pushed into place. Prime the 
bangalore torpedo after it has been placed with either a military electric or 
nonelectric blasting cap and time fuse, detonating cord, or by use of an 8- or 
15-second delay detonator. 

Projected Charge Demolition Kits 

Characteristics. Projected charge demolition kits consist of semirigid orflexible 
linear demolition charges, components to transport the charge, components to 
projector pull the charge into position, and components to detonate it. This kind 
of charge is designed to clear a pathway through antipersonnel or antitank 
minefields. Some kits can also be used against other types of obstacles. 

Ml El projected charge demolition kit (antipersonnel mine-clearing). This 
demolition kit is designed to clear a pathway through antipersonnel minefields 
(Figure 1-11). The Ml El has the M60 weatherproof time blasting fuse igniter 
and the 15-second delay Ml A2 percussion detonator. 

The kit consists of a nylon-covered detonating cable, propulsion unit, launcher, 
fuse igniter, delay detonator, anchor stake, and carrying case. The explosive 
item, or detonating cable, is 1 inch in diameter and approximately 1 70 feet (52 
meters) long; it weighs 63 pounds, 46 pounds of which is oil-soaked PETN. The 
detonating cable is composed of 19 strands of special detonating cord, each 
containing 1 00 grains of PETN per foot This differs from the regular(reinforced) 
detonating cord, which contains only 50 to 60 grams of PETN per foot Regular 
detonating cord cannot be used as a substitute in the kit. 
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Figure 1-1 1 Ml El projected charge kit 

This kit is emplaced to project and detonate a cable across a pressure-actuated 
antipersonnel minefield. Grass, leaves, other light vegetation, and some soil are 
blown aside in a lane about 8 feet wide. More soil is blasted aside when the 
ground is moist and soft than when tr -s dry and hard. Camouflaged antipersonnel 
mines and those near the surface in the 8-foot fane are usually exposed. These 
kits are not effective against other types of obstacles. 

Two soldiers are required to emplace and fire the kit. After emplacing the kit and 
choosing an area about 1 00 feet behind l he kit offering cover to the soldier in a 
prone position, one soldier takes cover; the igniter for the rocket is functioned by 
the other soldier, in older kits, this soidierthen moves to and functions the delay 
detonator for the detonating cable, then takes cover. In newer kits, the soldier 
takes cover immediately after functioning the igniter, and the delay detonator is 
then functioned from cover by means of a lanyard after the rocket fires. 

Thecomplete assembly is issued in an olive-drab-colored waterproof aluminum 
carrying case. Each case is sealed in a barrier bay and packed in a wooded box 
251/2 by 1 8% by 1 9 Vi inches. The gross weight of the kit and box is 142 pounds. 
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Ml 57 projected charge demolition kit (antitank mine-clearing). This demo- 
lition kit is an antitank mine-clearing device designed to be towed and pushed 
for emplacement by a medium tank with accessories (Figure 1-12). For a 
complete physical description and maintenance instructions for this kit r see 
TM 9-1375-204-10 and TM 43-0001-38. 

Thekit is about 1 2 inches wide, 7 inches high, and 400feet(1 21 .9 meters) long. 
It consists of 79 sections: 1 nose section, 1 3 body sections, 62 center-loading 
sections, 2 impact fuze sections, and 1 tail section. Only 64 of the 79 sections 
contain explosives (62 center-loading sections; 2 impact fuze sections). The kit 
weighs 1 1 ,000 pounds including approximately 3,200 pounds of explosive. The 
explosive is a linear-shaped charge, 12 inches wide, 7 inches high, and 5 feet 
Jong, containing approximately 45 pounds of Composition B and 5 pounds of 
Composition C4. As the insert tubes ore welded to the walls of the center- 
loading sections, the explosive elements cannot be used as separate charges or 
replaced by any substitute item in the field 

The demolition kit is designed tocleara path 100 meters long and4to 5 meters 
wide for vehicles and personnel to travel through minefields planted with 
single-impulse and pressure-type antitank mines. The kit is also effective 
against bands of log posts, steel rail posts, antitank ditches, and small concrete 
obstacles. 
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If a ditch is unrevetted and 5 feet deeper less, and if the charge projects beyond 
the far side of the ditch, the charge will break down the sides of the ditch. This 
allows clearance for tank traffic. 

The charge is detonated from a tank by means of bullet impact fuzes. The fuzes 
have a target plate that bears on the firing pm and is held in place by a shear pin 
and a safety fork that must be removed before the fuzes can be actuated. The 
fuzes are detonated by fire from the tank's machine guns. Two fuzes are 
provided to ensure that one is visible to the tank gunner at all times. 

Ml 73 projected charge demolition kit (antitank mine-clearing). The kit 

consists of a waterproof skid M3, a linear charge propulsion system, a linear 
demolition charge, and the necessary accessories to tow and fire the kit (Figure 
1-13). The kit is 24 inches high. 56.5 inches wide, and 145 inches long. It 
weighs approximately 3,100 pounds. The linear demolition char go M96 is 
300 feet long and contains 1 ,500 pounds of Composition C4 explosive. The kit 
clears a path 4 meters wide by 70 meters long. For a complete description of 
assembly procedures and operating and maintenance instructions, see TM 
9-1375-202-10 





Figure 1-13. Ml 73 projected charge demolition kit with main cover removed 



The Ml 73 projected charge demolition kit is an antitank minefield-clearing 
device designed to be towed by a vehicle to the edge of a minefield. A rocket will 
projeetthe linear demolition charge across the minefield, whilethe subsequent 
detonation will clear a path in minefields planted with single-impulse and 
pressure-type mines. 

Kit detonation can be done electrically from any vehicle containing a suitable 
24-volt direct current bayonet type of outlet. 
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Mine-clearing line charge (MICLJC) kit. This kit consists of a launcher with 
firing kit, a 350-foot linear demolition charge (Composition C4), and a 5-inch 
rocket for projecting the linear charge across the minefield (Figure 1-14). The 
MICLiC will be mounted on a separately authorized standard 3 VS -ton capacity 
trailer chassis (M353). For a complete description of assembly procedures, 
operational description, and maintenance instructions for the kit, see TM 
9-1 375-21 5-14&P. 

The MICLIC is an antitank/antivehicJe mine-clearing device designed to be 
towed and positioned approximately 50 meters from the leading edge of the 
Threat minefield. The charge is then detonated to clear a path approximately 5 
meters wide and 100 meters long. 

Detonation is done by means of a blasting machineandfiring control switchthat 
are used to Nre the rocket and detonate the linear charge after the linear charge 
is resting across the minefield. 




Figure 1 -14. Mine-clearing line charge (MICLIC) kit 
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Explosive Earth Rod Kit 

Characteristics. The earth rod kit is a special explosive kit used to make holes 6 
feet deep and several inches in diameter in earth or soft shale for demolitions or 
construction (Figure 1-15). It is not usable in frozen ground, rock, or other hard 
material. A 6-foot-long steel rod with point and firing chamber is driven into the 
earth by the propelling charge, which is exploded in the firing chamber. Use a 
removable handle (extractor rod), which fits through the holes in the firing 
chamber, and an extension for gripping and lifting the rod from the earth. A 
linear demolition charge is provided for enlarging the diameter of the hole. A 
forked insertion rod is also provided for insertion of improvised linear charges 
(made up of a bundle of detonating cords) when the standard ones are not 
available (see TM 43-0001 -38). 
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Figme 115. Earth rod kit 
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Ml 80 Demolition Kit {Cratering) 

Characteristics. The kit consists of an iWA4 shaped chrcoe a modified Mti/ 
electrical firing device, a warhead, a rocket motor, a tripod assembly, arid a 
demolition circuit (Figure 1-16) The shaped charge, f.nng device, and warhead 
are permanently attached to the launch *eg of thetr-f. The rocket .vote’ and 
the demolition circuit (packaged in a wooden suhpacki ore shipped unattached 
and connected to other components at the tune :A use She kn weighs 
approximately 165 pounds {74.25 kilograms). Ra additional assembly proce- 
dures, operational description, and mainff: nance »nsfruc.iior.s lor the krt, sue 
TM 9-1 375-21 3-12-1 

Use. The kit is designed to produce a large crater m compacted soil or road 
surfaces, including reinforced concrete. r he only exertions ary arctic t .nd: a 
and bedrock or sandy soiJ in other regions The kd produces its crater m two 
stagee First, tho r.hapod charge n pital hfih- ?ht- cuifm'O. rtn'diif-n l r - 

rocket-propelled warhead enters the hole and detonates, enlarging the pilot 
hole. A number of kits can be fired together to produce an exceptionally i.c. ye 
crater. 

Detonation. A 50-cap blasting machine (M34) is used to fry the k.t. 



FIRING CIRCUIT 
CABLE ASSEMBLY 



ROCKET MOTOR CASE ASSEMBLY 

s 

r 



r • 



TO BLASTING MACHINE 
OR CONNECTOR TO — 
NEXT KIT 






— > * 




,*i H-6. CRATERING CHARGE 

yV4 WARHEAD ASSEMBLY 
'• ' ' /'■ NOESOS H-8; 



n m 



/ / 

/ .• 

// 

/launch i 



r 

/ 



>r‘ 




i . • 
• • 



£ 

■ 

I 



// RAILS 




. \ 

\ \ 
• 

■l 



1 ! 
i 

i . 

i , 







MB7 F1RSNG DEVICE 



i - 



■. i 
\\ 



» i 



• *» 

• • 



M2. A 4 

SHARED CHARGE 



H>/ \ 









V T 



. ■■ ; 3 4 

• *■-, 

/ 

STABILIZE R 



✓ 

^ \ 



Figure 116 Ml 30 demoBir:i ki! assembly 
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DEMOLITION ACCESSORIES 
Time Blasting Fuse 

The time blasting lust' transmits a flaiwi bom a match 01 igniter to a noneloclru 
blasting cap or other * utploarve f hat gi ift n providing s time delay This delay 
allows the soldier lo relir»* loa salt* distance before the explosion I here are two 
interchangeable typos of fuses safety lose and M700 time fuse 



Safety fuse. Ust the stilel lose in gOfieial d< moll 
lions The safety fuse consists of black powdei iiyhtly 
wrapped with several layeis ol fiber and waiei 
proofing inaieiidl li may be any ooloi. bui oiunyi is 
the most common (I tyure I 1 /) I he burning rate 
may vary tor ihe same nr diffnri ni rolls Lorn 30 lo *15 
seconds per fool under different atmospheric and 
climatic conditions lest each mil prior loosing in the 
area where ilia charge is to be placedfsee Chaptei 2 
Nonelectric Firing Systems) Take pai titular prt-i an 
tions if used under watei as Ihe idle of burning is 
mcreasod significantly Test each roll underwater 
before preparing the charge The outside covering 
becomes brittle and cracks easily tri arctic tempera 
teres 




UlACK POWDER CORE 



Mill « COR|> — 
WATERPROOFING 
OUTER COVERING 



I lyme I I / Safety fuse 



M700 time fusu. The M 700 fuse is a d.uk yieencoid 
0 2 inches in diameter with plastic envoi (figure 
1-1 flf Depending on ihe rime ol manufacture. If iv 
cover may lie smooth or have single yellow bands 
around ihe outside at I? oi 18 inch intervals and 
double yellow bands af 5 fool oi 90 inch intervals 
These bands are provided lor easy muasnnny (he 
burning rate is approximately 40 seconds per tool 
However tesi the burning rare m Ihe same way as 
Ihe safety fuse I he outside covering becomes brittle 
and cracks easily in arctic temperatures. 

Packaging. Safety fuse is packaged m 50 lout • oils, 
two coils per package, and 30 packages (3.000 fe« i) 
in a wooden box 24 ' i by 15 * by 12'. inches Ihe 
total package weighs !\ 8 pounds Safety fuse can 
also he packaged mi 50 loot coils, two coils per 
package, five packages sealed in c rneial can, .md 
eight cans (4.000 feet) pel wooden bo* 30 by 14 ‘Ft* by 
14% mclies The total package weighs 93.6 pounds 



Figure 1 18 M700 time fuse 
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OI.AIJk PUWDFH CORE 
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FIBER CORD 



Ttie M 700 tune fuse t an be packaged in 60 tool coils two coils per package, five 
packages per sealed container, andeighl coniameis (4,000 feet) par wooden box 
30 h by 1 5 Vi by 14 h inches Ihe tolal package weighs 94 pounds 
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Detonating Cord 

Characteristics. Detonating cord is a core of PETN or RDX in a textile tube 
coated with a thin layer of asphalt. On top of this isart outertextiie coverfmisbed 
with a wax gum composition or plastic coating (Figure 1 -1 9). It will transmit a 
detonating wave from one pointtoanother at a rate between 20,000 and 24,000 
feet per second. A partially submerged water-soaked detonating cord will 
detonate if initiated from a dry end. Although it does not lose its explosive 
properties by exposure to low temperatures, the covering becomes stiff and 
cracks when bent. Great care is required in using detonating cord primers in 
arctic conditions. Data on the types available are shown in Table 1 -6. 
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Figure 1 -19. Reinforced Pliofilm-wrapped detonating cord 



Use. Use detonating cord to prime and detonate other explosive charges. When 
its explosive core is detonated by a blasting cap or other explosive device, it will 
transmit the detonation wave to an unlimited number of explosive charges. This 
is explained in full detail in Chapter 2. 



Table 1-6. Detonating cord data 



Type 


Class 


Minimum weight 
of explosive core 
per 1 .000 ft 


Nominal 

diameter, 

in 


Maximum weight [lb) 
of finished cord 
per 1,000 ft 


Minimum breaking 
strength, 
lb 


J 


a 


5 pounds PETN 


0.175 


14 


60 


1 


b 


6 pounds PETN 


0 216 


19 


1 75 


* 1 


c 


6.4 pounds PETN 


0.200 


18 i 


175 


1 


d 


7 pounds PETN 


0.200 


19 


1 10 


1 


e 


7 pounds PETN 


0.235 


22 


190 


1 


f 


12.5 pounds PETN 


0.245 


26 


75 


1 


9 


12.5 pounds PE TN 


0270 


33 


i 

190 


J 


h 


14.5 pounds PE I N 


0 235 


29 5 


110 


I 


J 


6.4 pounds PETN 


0.200 


18 


1 50 


II 


a 


7 pounds RDX 


0.216 


19 


1 75 


II 

m — — 


b 


8 5 pounds RDX j 


0.255 


22 


190 


III 




All lype HI detonating cord is men loaded with a PVC filler 



This detonating cord (Type I. class c) has been agreed upon as "standard" within the American- Brit ish-Canadian 
Australian Standardization Program 
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Precautions. The ends of detonating cord should ne sealed with a waterproof 
sealing compound *o keep out moisture when used lo detonate underwater 
charges or charges left in place several hours beforef'riny. A 6-irich free end will 
also protect the remainder of a line from moisture for 24 hours. Avoid kinks or 
short bends in priming, as they may sharply change the direction of detonation 
and cause misfires. 



Biasting Caps 

Blasting caps are used fur detonating high explosives. There are two types of 
blasting caps — electric and nonelectric. T hey are designed for insertion into cap 
wells and are also the detonating element in cerium firing devices. Blasting caps 
are rated in power according to die size 01 their main charge. Commercial 
blasting caps are normally No 6 or N: 8 and me used to detonate the more 
sensitive explosives such as com? Herein I dynamde and tetryS. Special military 
blasting caps(M6 electric and M7 nonelectric) or their commercial counterparts 
(J1 electric and J2 nonelectric) are used lo ensure positive detonation of the 
generally less sensitive military explosives. I heir main charge is approximately 
double that of the commercial No 8 blasting cap. Both military and commercial 
blasting caps are extremely sensitive and may explode unless handled carefully. 
They must not be tampered will i and must tie protected from shock and extreme 
heat. Separate blasting caps properly. Never sior.? them with other explosives. 
They should not be carried in the same truck except in an emergency (see 
Chapter 5, Transportation Regulations) 



Electric blasting caps. Use efuct i-. ufastmg caps when a source of electricity, 
such as a blasting machine or a battery, is available. Two Lvpes of caps are 
used — military and commercial Military caps, shown in Figure 1-20, are 



instantaneous. Commercial caps, are either instantaneous or delay. Commercial 
delay caps are available with delays ranging from 0.025 second to 1 2 seconds. 



SHORT-CIRCUITING TAB MUST BE REMOVED BEFORE. 
CONNECTING CAPS IN FIRING CIRCUIT 
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Figure 1 -20. Electric blasting caps 
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Commercial delay caps used in military applications have delays ranging from 
1 00 second to 1 53 seconds Electric caps have lead wiresof various lengthsfor 
connection into a circuit. The lead wires most commonly used are 1 2 feet long. 
For ignition, electric caps require one and one-half amperes of electricity 
passing through their wires. The M6 special electric blasting cap isthe standard 
issue electric blast mg cap. For additional information, see TM 43-0001 -38. 



WARNING 



Do not remove the short-circuiting shunt before 
testing or connecting the cap to prevent accidental 
initiation by static electricity. Twist the bare ends of 
the lead wires together at least three 180 -degree 
turns to provide the shunting action if the cap has no 
shunt. 



Nonelectric blasting caps. These caps may be initiated by a time blasting fuse, 
fir mg device, and detonating cord|Figure 1 -21 ). Do not use nonelectricblasting 





Figure 1 -21 Nonelectric blasting cap 

caps to prune charges placed underwater or in wet boreholes because they are 
difficult to waterproof. Jt it is necessary, moisture-proof nonelectric blasting 
caps with a waterproof sealing compound. The most commonly used nonelectric 
blasting caps are commercial J1 , No 6 and No 8, and military special nonelectric 
M V. The M7 special nonelectric blasting caps are flared at the open end for easy 
insertion of the time luse. For additional information, see TM 43-0001-38. 
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Ml A4 Priming Adapter 

The Ml A4 priming adapter is a plastic hexagonaJ-shaped device threaded to fit 

threaded cap wells and the M10 universal explosive dsstructoi. A shoulder 

inside the threaded end is large enough for a time blasting lose and detonating 

cord but too small for a military blasting cap. The adapter is slotted lengthwise to 

permit easy and quick insertion of the electric blasting cap lead wires {Figure 

1 -22). The Ml A4 replaces the M 1 A2 and Ml A3 modets, which have cylindrical 

bodies. The hexagonal M1A4 is easily handled by soldiers wearing arctic 
mittens. 
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Figure 1 -22. M 1 A4 prim-ng adapter 
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M8 Blasting Cap Holder 

The MS blasting cap holder is a metal clip designed to attach and hold a blasting 
cap to sheet explosive (Figure 1-23). It is supplied with the Ml 18 sheet 
demolition charges and the Ml 86 roll demolition charge. The M3 blasting cap 
holder is also available as a separate item of issue i’n quantities of 4,000. 




Figure 1 -23. M8 blasting cap holder 




Art I Adhesive Paste 

I he Ml adhesive paste is a sticky, puny like substance which is used for 
attaching charges to vertical or overhead flat surfaces. It is useful in holding 
charges whiie tying them in place or, under some conditions, for holding without 
lying. It lines not adhere satisfactorily to duty, dusty, wet, or oily surfaces. It 
becomes stiff and hai d while losing us adhesiveness at subzero temperatures. It 
is softened by water, becoming useless. 

Pressure Sensitive Adhesive Tape 

Characteristics. 1 fas pressure sensitive tape is replacing Ml adhesive paste 
and is superior in speed and ease of application as well as holding power. It is 
used to hold demolition charges to dry and clean wood, steel, or concrete. 

Use I he tape is coated on both sides with pressure sensitive adhesive and 
regimes nu sob m it 01 heal to apply, it is available in rolls 2 inches wide and 72 
'/aids long. 



Limitations, f his tape does not adhere to dirty, wet,, or oily surfaces and is not to 
be used when tin; surface temperature of the target is below freezing. 

Supplementary Adhesive for Demolition Charge 

Characteristics. The supplementary adhesive is used to hold demolition 
charges when the tuiyet surface is below freezing, wet, or underwater The 
adhesive is issued m a tube in water resistant cardboard slide boxes, packaged 
with wooden applicalor s. and shipped 150 boxes in a fiber board container 
(f igure I 24 j 

Use. Apply the adhesive Jo the target surface with a wooden applicator and a 
demolition biuok with or without pressure sensitive tape placed on top. 




\ iguie I 24 Supplementary adhesive for demolition charge 
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Waterproof Sealing Compound 

The sealant is used to waterproof the connection between the r ime I »last mq fuse 
and a nonelectric blasting cap and to moisture-proof primed dynamite. It will riot 
make a permanent waterproof seal and must not be submerged m water unless 
the charge is to be fired immediately. 

M2 Cap Crimper 

The M2 cap crimper (Figure 1 -25) is used to squeeze the shell ol a nonelectric 
blasting cap around a time blasting fuse, a standard base, or detonating cord 
securely enough to keep it from being pulled off but not lightly enough In 
interfere with theburmng of the powder train in the fuse or the detonation of the 
detonating cord A stop on the handle limits the closing of the jaws to pT event 
this. The M2 crimper forms a water-resistant groove completely around the 
blasting cap. Apply a sealing compound to the crimped end of the blasting cap lor 
use underwater. The rear portion of each jaw is shaped and sharpened (or 
cutting fuses and detonating cords. One leg of the handle is pointed in use in 
punching cap wells in explosive materials for easy insertion of tire blasting caps 
The other leg has a screwdriver end. Cap crimpers aio made of a soft 
nonsparking metal, which will conduct electricity, and musi not he used as pliers 
because such use damages the crimping surface. Keep the cutting piws clean 
and use them only for cutting fuses and detonating cords 



pun^h 




/ 



PUITIIJG JAWS 



Figure 1 -25. M2 cap crirnpei 



Blasting Galvanometer 

Use. Usethe blasting galvanometer in testing the electric fir inq sysh-m Pm heck 
the continuity of the circuit (the blasting cap, firing wire, wi i e connections, arid 
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splices) in order So re d urn The possibility of misfires (Figure 1 -26). Its components 
include a d'ai sonal movement meter end a small special silver chloride dry-cell 
battery. When trie Two external terminals are connected in a closed circuit, the 
?low et current from the dry cell m oves the needle across the scale. The extent of 
tne needle deflection depends on the amount of resistance in the closed circuit 
and on the strength of the battery. Handle the galvanometer carefully and keep a 
dry. Test the galvanometer before using by holding a piece of rnetal across its 
two terminals. If this does not cause a wide deflection of the needle (23 to 25 
units), the battery is weak and should be replaced. 

Battery Types. The two types of dry batteries 
authorised for use with tins galvanometer are- 

■ BA - 245/ u Special Silver Chloride Dry-Cell; 
0.9 vtjlitj twill voltage; NSW 6 135-UU 125-1032, 
authorized for use at temperatures above 
0 degrees Fahrenheit. 

■ BA-2245/ u Special Silver Chloride Dry-Cell; 
0.9 volts total voltage, NSN 61 35-00-833 9909 
authorized for use at temperatures below 
0 degrees Fahrenheit. 

Choice of battery. When using th,e galvano- 
meter at extremely cold temperatures, low- 
temperature battery BA-2245/u is recom- 
mended. Battery BA-245/ u will freeze and 
cease to function at temperatures below 
0 degrees Fahrenheit. If the BA-245/ u is used 
at extremely cold temperatures, protect it from 
freezing by placing the galvanometer under the 
clothing near the body. When using a galvano- 
meter at temperatures above 32 degrees Fahren- 
heit. use the BA-245/ u battery. The BA-2245/ u 
battery is a low-temperature battery, and it 
Figure 1 -26. Blasting galvanometer deteriorates rapidly at higher temperatures, 

even when not in use. 



( Use only the two special silver-chloride dry-ceTT 
batteries BA-245/ u and BA-2245/ u, which produce 
p only 0.9 volts, in the galvanometer, as other batteries 
WARNiNG ma Y produce enough voltage to detonate electric 

blasting caps. Because of their tendency to corrode, 
the batteries should be removed from the galvano- 
meter when it is not to be used for extended periods. 
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M51 Blasting Cap Test Set 

Characteristics. The test set was developed to replace ihe blasting galvano- 
meterfor continuity testing of electrical firing circuits (Rguie I - 27 ). 1 he test set 
is a self-contained unit with a magnetotype impulse generator, an indicator 
lamp, a handle to activate the generator, and two binding posts for attachment of 
firing leads. The test set js waterproof andean be used at temperatures as low as 
-40 degrees Fahrenheit. 

Use. Complete the continuity testing by connecting the firing circuit to the test 
set binding posts and then depressing the handle sharply If there is a 
continuous(intact) circuit — even one created by a shot t the indicator lamp will 
flash 

Maintenance. Handle the test set with care and keep it dry to assure optimum 
use. Before using, ensure that the set is in operating condition by following 
these steps: 

■ Connect a piece of bare wire or the legs of the M2 crimpers between the 
binding posts. 

■ Depress the handle sharply while observing the indicator lamp, if the set is 
operative, the lamp will flash. 

■ Remove the wire or the crimpers and proceed to test the In irig circuit. 




Figure 1 -27. MB1 blasting cap test set 
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Blasting Machines 

Use the blasting machines and demolition firing devices to provide the electric 

n-npuJse needed in electric blasting operations. The family of blasting machines 

includes six models three models derive their powei directly from a shunt- 

wound direct current (DC) generator; two models, the M32 and M34, derive their 

power from an alternator and use a capacitor discharge output circuit; and one 

model, the M122 demolition firing device, remotely initiates explosives by 

means of a coded radio signal radiated by its transmitter to the receiver located 
at or near the explosives. 

Ten-cap blasting machine folder type). This small DC electrical generator 
produces adequate current ( 1 .5 amper esi to initiate- 1 0 electric caps, connected 
in series, if the handle is rorateu to the end of its travel (Figure 1-28, A). The 
ten-cap blasting machine weighs appjoximaiesy 5 pounds. To operate the 
machine, complete the following steps: 

■ Check the machine to ensure that it wui ks pi oner !y before attaching the firing 
wires. Operate the machine several times until it works smoothly. Do this by 

inserting the handle. Then insert the loft hand through the strap and grasp the 

bottom of the machine. i\Jext, grasp the handle with the right hand and turn it 
vigorously clockwise as tm as possible. 

Fasten the firing wires lightly to the terminals. 
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Figure 1 -28. Blasting machines 
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M32 10-cap blasting machine. This small, lightweight blasting machine 
produces adequate current(1 .5 amperes) to initiate 1 0 electrical caps connected 
in series (Figure 1 -28, G). To operate the machine, complete the following steps: 

■ Check the machine to ensure that it works properly. Do this by successfully 
actuating the machine three or four times until the neon indicator lamp 
flashes. This light is located between the wire terminals of the machine. 

■ Release the blasting machine knob by rotating the O-rmg until the handle 
springs outward from the body of the machine. 

■ Insert the firing wire leads into the terminals by pushing down on each 
terminal and inserting the leads into the metal jaws. 

■ Noldthe machine upright (terminals up) in either hand, so the plunger end of 
the handle rests under the base of the thumb and the fingers grasp the 
machine s body (Figure 1-29, B). 

■ Squeeze the hand grip sharply several times in succession until the charge 
fires. No more than three or four strokes should be required. 

Thirty-cap blasting machine. This device, shown in Figure 1-28, B, fires 30 
electric caps connected in series. It weighs about 20 pounds. To operate the 
machine, proceed as follows: 

■ Raise the handle to the top of the stroke. 

■ Push the handle down quickly as far as it will go (Figure 1-29, C). 
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Figure 1-29. Actuating blasting machines 
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Fifty-cap blasting machine. This device lues 50 electric caps connected m 
senesfl igure 1 ?H I page 1 31*} It weighs alkiut 20 pounds Test and operate 
the machine as lor the 30 cap machine 

M34 50-cap blasting machine. This small lightweight machine pro 
rim es adequate current to initial*' SO electrical < ;nps connected in series (Figure 
1-28, H. page I 36) it looks like fhe M3 2 blasting machine eKcepl lor a black 
hand around the base and ri stool remlorced actuating handle Test and operate 
the M3*1 m the same way as the M32 

One hundred cap blasting machine. The 100 cap machine, shown in Figure 
I 28. D on page I 36. is similar to the 50-cap machine except lor sue and 
weight and is operated in the same way Both are adequate for firing their rated 
capacity of eler.inr blasting caps connected in senes 



tint BUI t on 



PUSH HUI f ON 
SWITCHES 




M I 2? demolition firing device Thisdevice consists 
of two major components o transmitter (Figure 
I 30) nid a receiver |l igure I 31) The tiring device 
is issued in sets consisting ol one transmitter and 
10 receivers in a fd ted carrying case The transmitter 
encodes and transmits a radio signal and has its own 
antenna collapsed within the carrying handle The 
receiver with an attached antenna wire receives 
and d* • ides th* incoming radio signal Tins signal 
tuggers electronic tiring of up io I F> attached electric 
blasting caps in a senes < in mt Both transmitter and 
• ocoivpr an* pottery operated In clear areas and with 
good weather where a line ol sight exists between 
th** ir.iiisnnliei and receiver operations are possible 
at distances up to 3 2 kilometers (2 miles) over land, 
b kilometers (3 miles) over water, and 10 kilometers 
(6 miles) from aircraft to an open (uncovered) firing 
sue See TM 1 1375 213 I2-3&P for additional 
inlormation 



Figure I 30 Ml 22 demolition limit! device transmitter 
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figure 1 31 Ml 22 demolition firing device receiver 




Firing Wire and Reels 

Typos of firing wire. Wire for firing electric charges 
is issued in 500-foot coils The two conductor AWG 
No 18 is a plastic-covered or rubber-covered wire. It 
is carried on the reel unit RL39A described in the 
following paiayi3ph. The single-conductor AWG No 
20 annunciator wire is issued in 200 loot coils and 
used for making connections between blasting caps 
and firing wire. The WD-1/TT communication wire 
can also be used, but it has a higher resistance which 
Increases the power requirement, so that blasting 
machines cannot be used with the full-rated number 
of caps with this wire. As a rule of thumb, use 1 0 caps 
less than the machine rating for each 1,000 feet of 
WD-1 wire. 



Reels. There are three types of reels applicable 
for military demolition usage— HL39A. a 500- 
foot reel with detachable handles, and a 1 .000- 
foot reel with detachable handles. 



The RL39A is a reel with a spool that accom- 
modates 500 feet of wire, a handle assembly, a 
crank, an axle, and two carrying straps (Figure 
1 -32) The fixed end of Ihe wire is extended from 
the spool through a hole in the side of the drum 



STRAPS 

Figure 1 -32. Firing wire reel 
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and fastened to Iwo brass thumb-out terminals. Tlie carrying handles are made 
of two U-shaped steel lods. A loop at each end encircles a bearing assembly, 
which isa brass housing with a steel center lo accommodatethe axle. Thecrank 
is rivetedtoone end of the axle, and a cotter pin is placed in the hole atthe other 
end to hold the axle in place. 

A 500 foot reel with detachable tumbles is a metal drum mounted on an axle to 
which two detachable D shaped handles are fastened. Use the arm with the 
knob on the side of the drum for cranking (Figure 1 33). 

The 1 ,000-foot reel is similar to the 500-fool reel except that it has a capacity of 
1 ,000 feet of firing wire. 



DETACHABLE HANDLES 




Figure 1 -33. Reel with detachable handles 



Detonating Cord Clip 

The Ml detonating cord clip is a device that is used to hold together two strands 
of detonating cord either parallel or at i ight angles to each other (Figure 1 -34 f 
Connections are made more quickly with these clips than with knots. If left in 
place any length of time, knots may loosen and fail to function properly. 

Connect branch line. Connect hi anch lines of a detonating cord by clipping the 
branch hne with the U-shaped trough of the clip, and the main line with the 
tongue of the clip, as shown in Figure 1 34. 

Splice detonating cord. Splice the ends of a detonating cord by overlapping 
them approximately 1 2 Inches, using two clips, one at each end of the overlap, 
and bending the tongues of the clips firmly over both strands. As shown in 
Figure 1 -34, the connection is made suture by bending the trough end of the clip 
back over the tongue. 
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Figure 1 -34. M I detonating cord clip 
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Firing Devices and Other Accessory Equipment 

M10 universal explosive destructor. The M10 destructor is a high explosive 
charge in an assembled metal device. It is initiated by blasting caps or mine 
activators with standard firing devices. The chief function of the destructor isthe 
conversion of loaded projectiles and bombs to improvised demolition charges 
and the destruction of abandoned ammunition (Figure 1-35). For a detailed 
description, see TM 43 0001 -38. 
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Figure 1 -35. M 1 0 universal explosive destructor 



Ml 9 explosive destructor. The Ml 9 explosive destructor consists of an 
explosive-filled cylindrical body with a removable tip assembly which may be 
discarded if it is not needed (Figure 1 -36). This destructor can be primed with a 
delay detonator, delay firing device with a high-output blasting cap, a nonelectric 
high-output blasting cap initiated by time blasting fuse or detonating cord, or an 
electric high-output blasting cap. The cap well on each end is threaded to receive 
the standard base coupling or a priming adapter. This device is particularly 
suitable for use as a dust initiator, described in Appendix C, and for similar 
charges. 
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Figure 1-36. M19 explosive destructor 
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^ concussion detonator. J ! , e Mi concussion 

GrOouaMr is t mechanical flung device actuated by 
1 ' i-c; ;^ii‘'sion wave of a nearby blest (Moure \ -37). 
i\ soveiei charges os mult aneousfy wit bout ccn 
■ •'!••_; ;':e;n wifli e ;re *.r detonating co^d A single 
i 1 r i ;. r i !" ^voi:- - oi air wi!f detonate ail efwges 
\y> vvij'i concuicion detonators within range o« 
’ *v I - • i ! : ! i ‘targe or of each other iTabbr 17). 
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The detonator base fs threaded tofu all standan.1 cap wells m demob! mri blocks 
a rid explosive devices. While detonators often woik at i enyesgi eater than those 
in Table 1 7, their reliability is not ensured Foi safety reasons, this detonator 
should not be used in soil at depths greater than lb (eel That is because it will 
function by hydrostatic pi essure at a depth ol 2b feet I bather if the salt delay 
pellet is crumbled from long storage, the detonaloi should not Ire used on 
underwater charges. Tor details ol function and use, see Tlvl 43 0001-38. 



M 1 A2 1 5 -second delay percussion detonator. This 
detonator consists of a fir iny pin assembly joined to a 
delay housing and primer holding assembly (Figure 
1-38) lo install the percussion detonator, remove 
the cap protector and screw the device into ihe 
threaded cap well of the demolition block or explosive 
\ c f - k 
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Figure 1 38 M I A2 lb-second delay percussion detonator 



M2A1 8 second delay percussion detonator. With 
the exception of the 8 -second delay period, the 
marking, and the shape of the pull liny, the M7A1 
delay (shown in Figure I 39| is the same the 
M1A2 I 6- second delay percussion detonator 
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Figure 1-39. M2 A I 8 -second delay percussion detonator 
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Ml deiayfiring device. The Ml delay firing device isshown in Figure 1 -40. and 

its characteristics are given in Table 1 -8. The proper steps of installation include 

the following: 

■ Select a device with the proper time delay (Table 1 -9). 

■ Insert a nail in the inspection hole to make sure that the firing pin has not 
been released. If the firing pin has been released, the nail cannot be pushed 
through the device. 

■ Remove the protective cap from the base. 

■ With crimper, attach a nonelectric blasting cap to the base Crimper jaws 
should be placed no further than V* inch from the open ends of the blasting 
cap. 

■ Secure a firing device in the demolition charge or explosive device. 

■ Crush glass ampoule between thumb and fingers. 

■ Remove safety strip. 



WARNING 



If the safety strip cannot be removed easily, do not 
force it. Remove and discard device without removing 
safety strip since the firing pin may have released or 
couid be released by the handling required to remove 
a jammed strip. 




1 



COUPLING BASE 

INSPECTION HOLE 

CELLULOID SHIPPING PROTECTOR 



COUPLING BASE 



PRIMER 



^ IDENTIFICATION AND 
JJSAFETY STRIP (COLORED 
ACCORDING TO DELAY| 

TENSION WIRE 




FIRING PIN SPRING 



GLASS AMPOULE 



Figure 1-40. Ml delay firing device 



Table 1 -8. Characteristics of the Ml delay firing device 



Case 


Color 


Dimensions, in 


Internal action 


Delay 


Diameter 


— 

Length 


Copper and brass 


Natural metal 


7 As 


6'/4 

1 


Mechanical with corro- 
sive chemical release 


1 min to 23 days, identi- 
fied by color of safety 
strip 



Safet V Packaging 



Colored metal strip inserted in slot above percussion cap 10 units-2 red, 3 while. 3 green, 1 yellow, and 1 blue 

and a time delay table packed in paperboard carton, 10 

cartons in fiberboard box, and 5 boxes in wooden box 
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Table 1 -9. Time delay related to temperature for the Ml delay firing devices 



Temp 

(•F) 


Black 




Red 




White 


Green 


Velio ti \ 

J 


Biue 


Temp 

( 3 C) 


‘OH 


•“ST 


OM 


ST 


OM 


SI 


0M 


sr ! 

. . i 


0M 

>_ ^ 


» 

! ST 


OH 


ST 


-Zb 

0 


8 hi 


2.5 hr 


8.5 In 
4b in.ii 


3.3 mm 

20 ni'!i 


m 


1.3 da 

8 hi 


2.6 ih 


i 

l 2 


• 

: 8.3 da 


3.8 da 






-32 

-18 


+2b 


36 mm 


16 trim 


25 


inn 


11 inm 


Hi 


2.5 hi 


17 h 


8 in 


' 2 0 lr 


20 hi 






- 4 


50 


15 mm 


7 nun 


17 


iriiri 


8 min 


2 hi 


5b >il ll 


6 In 


2 7 in 


i4 da i 


6 0 hr 




14 hr 


+ 10 


7b 


9 nun 


4 min 


lb 


m.n 


7 mm 


1 hi 


2/ mm 


2.5 in 


70 inm 


5 .3 hi 


2 b hr 




5 hr 


24 


IDO 


5 min 


2 min 


8 


min 


3.5 mm 


32 mm 


14 mn 


70 in n 


30 huh 


2.5 hr 


65 min 


5 2 hr 


2.3 hr 


38 


125 


4 min 


1.5 rnm 


5 


•Tim 


2 min 


20 mm 


9 nun 


35 mi h 


lb inn 


80 mm 


.16 mir 


2 b hr 


1 1 hr 


b2 


150 


3 inm 


l nun 
— — ... . , — _ — _ 


4 


mm 


1.5 mm 


lb mm 


6 nun i 

i 


20 m n 


9 mn- 


-16 mm 

c — 


21 .mn 


80 mm 


36 mm 


66 



*No!e. OM — Most likely delay if two devices are used in the same charge If only a single device is used, this value should be 



increased approximately 1b percent. 

*'Note. ST — Reasonable safe time Delays of less than thus value sliould not occur more than one in a thousand. 



M60 weatherproof fuze igniter. This device is designed to ignite a time blasting 
fuse in all sorts of weather conditions, even underwater if properly waterproofed. 
The fuse is inserted through a sealing rubber grommet and into a split collet 
which secures the fuse when the end cap on the igniter is tightened (Figure 
1 -41 ). A pull on the pul! ring releasesthe striker assembly, allowing the firing pin 
to drive against the primer, which ignites the fuse. 
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Figure 1 -41 . M60 fuze igniter 

Demolition card. This pocket-sized card (Graphic Training Aid (GTA) 5-1 0-28) 
tabulates data for the timber cutting, steel cutting, breaching, and cratering 
charges. 

Additional tools. Tools such as posthole augers, posthole diggers, earth a ugers, 
and pneumatic tools will help to facilitate the placement of charges. 
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Figure 1 -42. Hand-operated digging tools 



The 1 O-inch hand-operated posthole auger is capable 
of boring a hole large enough for the 40 pound 
ammonium nitrate cratering charge and other 
charges of equal size (Figure 1-42). The extension 
handle permits boring as deep as 8 feet. 

The posthole digger has two concave metal blades on 
hinged wooden handles(Figure 1 -42). The blades are 
forced into the earth, and soil is removed by pulling 
the handles apart and lifting it out of the hole. 

The motorized earth augers drill holes 8, 12, 16, or 
20 inches in diameter to depths up to 8 feet. 

Pneumatic tools are rock drills, pavement breakers, 
and wood boring machines. For the placement of 
internal charges, the rock drill bores up to 2 inches in 
diameter in rock, concrete, or masonry. The pavement 
breaker is used to shatter the hard surface of roads 
before drilling boreholes with an auger for cratering 
charges. The wood-boring machine drills boreholes 
in wood for the placement of internal charges. 

Demolition Equipment Set 

This set, termed electric and nonelectric explosive 
initiating demolition equipment set, is an assembly of 
items needed to initiate and carry out almost all 
demolition projects (Figure 1-43). 



M123E1 1 6 5~mm Cartridge 

The combat engineer vehicle (CLV) mounts a 1 65-millimeter gun which fires a 
high explosive plastic (HEP) cartridge. This cartridge contains approximately 60 
pounds of Composition A3 It is primarily used for breaching obstacles and 
destroying fortified positions. For additional details on usage, see FM 5-1 . 
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Figure 1 -43. Electric and nonelectric 
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This chapter discusses the two types of systems for firing explosives — 
nonelectric and electric— that are in general use. Both have their individual 
priming methods and materials. In addition, detonating cord may be used with 
both systems to make them more efficient and effective. 





NONELECTRIC FIRING SYSTEMS 2-2 

ELECTRIC FIRING SYSTEMS 2 6 

DETONATING CORD FIRING SYSTEMS 2 16 

DUAL FIRING SYSTEMS 2-18 

PRIMING CHARGES 2 21 
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NONELECTRIC FIRING SYSTEMS 



Components and Assembly for Detonation 

A nonelectric system is one in which an explosive charge is prepared for 
tie ion Tricon by men ns of •:> nonmectim blasting cap. The basic priming materials 
consist oi j noneieetiic blasting cap, which provides a shock adequate to 
de to no i explosive ici; the time blasting fuse, which transmits the flame 
that fires me blasting cap (F-iguse 2 1;. if more than one charge must be 
•comnale'J simultaneously. the nonelectric system must be combined with the 
detonating cord to ensure simultaneous briny (see Chapter 2, Detonating Cord 
r -1:100 Syr terns;. The assembly of a basic nonelectric system follows. 
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bra ore 2 1. Monelect! »c initiation system 



Checking time blasting fuse Using an M2 crimper, cut and discard a 6- inch 
length from the h »e end of ihe time blasting fuse to prevent a misfire caused by 
the exposed powder absorbing moisture from the air (Figure 2-2). Cut off a 3-foot 
iengm of tune blast. ny /use to check the burning rate. Ignitethe fuse with a fuze 
iigi'te.. if available If c. fuze lighter is not available, split the end of the fuse, 
inswr r ■■ match head hnc the spli: eno, and iight the match with another match, or 
nib the abras-’ve against it i-igun-r 2 3 > Note the time it takes for the fuse to burn. 
Compute the hum mg rate per foot by dividing die time in seconds by the length 
:p feet. 




Ti g m re 2 2 C u U i ny t he fuse 
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Figure 2-3 I ighting time blasting fuse with match 



Preparing time fuse. Cut the time blasting fuse long enough to permit the 
person detonating the charge to reach a safe distance by walking at a normal 
pace before the explosion. Make this cut squarely across the time fuse 

A rough, jagged-cut fuse inserted into a blasting cap 
can causea misfire. If a serviceable M2 crimper is not 
available, use a sharp knife to cut the fuse. To ensure 
that the fuse is cut square when using the knife, cut 
the fuse against a solid surface such as wood. 

Preparing blasting cap. Take one blasting cap from the cap box. Inspect the 
blasting cap by looking into the open end. If a ny foreign matter or dirt is present, 
use the following procedure: 

■ Hold the cap, near the open end, between the thumb and middle finger of one 
hand. 

■ Aim the open end of the cap at the palm of the second hand. 

■ Gently bump the wrist of the cap- holding hand against the wrist of the other 
hand. 

■ If the foreign matter does not come out, dispose of the cap in accordance with 
local regulations. 

Placing blasting cap. Hold the time blasting fuse vertically with the square-cut 
end up, and slip the blasting cap gently down over it so that the flash charge in 
the cap is in contact with the time fuse. If the cap is not in contact, it may misfire. 
Neverforcethetimefuse intotheblastmg cap by twisting orany other method. If 
the end is flat or too large to enter the blasting cap freely, roll the time fuse 
between the thumb and fingers until the size is reduced to permit free entry. 



WARNING 
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Handling blasting cap. After the blasting cap 
has been seated, grasp the time blasting fuse 
between thethumbandthird finger of one hand 
so that the fingers are touching the open end of 
the cap. Placethe forefinger over the closed end 
of the cap to hold it firmly against the end of the 
time fuse. Apply slight pressure on the closed 
end of the cap with the forefinger (Figure 2-4). 

Placing crimpers. Rest the crimpers on top of 
the thumb and ring finger of the other hand. 
Place the second finger on top of the crimpers to 
secure them (Figure 2-4). Accurate crimping 
can be achieved even in darkness because a 
finger can be used to locate the open end of the 
blasting cap. 



Crimping cap. Crimp the blasting cap at a point Ve to Vi of an inch from the open 
end. A crnnptooclose to theexplosive inthe blasting cap may cause detonation. 
Point the cap out and away from the body during crimping {Figure 2-5) 




NOTE: Protecl the joint between the cap and the lime blasting fuse 
with a coat of sealing compound or a similar substance if the 
blasting cap is lo remain in place several days before firing. This 
sealing compound does not make a waterproof seal; therefore, fire 
submerged charges immediately. 



Figure 2-5 Proper position for crimping the blasting cap 



Attaching cap assembly to explosives. Pass the end of the time blasting fuse 
through the priming adapter. The time fuse should move through the adapter. 
Pu!J the cap into the adapter until it stops. Insert the cap into the cap well of the 
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explosive, and screwthe adapter into place. If a priming adapter is not available, 
insert the blasting cap into the cap well and tie it in place with a string, or fasten 
it with adhesive tape or other available material. Details of preparing blocks for 
nonelectric priming are given in Chapter 2, Priming of Demolition Blocks. 

MOTE: For blasting with long lengths of timefuse, it may be more convenient to pass the end of the 
fuse through the priming adapter before crimping the cap onto the time fuse. 

Attaching fuze igniter to time fuse. To attach M60 weatherproof fuze igniter, 
unscrew the fuse holder cap two or three turns but do not remove. Press the 
shipping plug into the igniter to release the split collet (Figure 1-41 on 
page 1 -45), rotate the plug top, and remove it from the igniter. 

Insert the free end of the time fuse as far as possible in the space left by 
removing th* shipping plug. Then tighten the cap sufficiently to held the fuse in 
place and weatherproof the joint. 

To fire, hold the barrel in your free hand, and remove the safety pin. Grasp the 
pull ring, push it in, and rotate to ensure that the igniter is set. In the event of a 
misfire, the M60 can be reset quickly without disassembly by pushing the 
plunger all the way in and attempting to fire as before. (It cannot be reset 
underwater because water can enter the interior of the nylon case through the 
holes in the pull rod. The fuze igniter is reusable if the primer is replaced.) 

NOTE: Under some circumstances, atlach the M60 fuze jgniter to the time fuse in advance to save 
tjme or to avoid exposing components to rain. The M60can be attached to the time fuse with the cap 
prior to inserting the cap in the explosive, providing the safety pm is not removed until the time of 
ignition. 

Lighting time blasting fuse by an alternate means. If a fuze igniter is not 
available, light the time blasting fuse with a match. Split the fuse at the end 
(Figure 2 3 on page 2-3) and placethe head of an unlighted match in the powder 
train. Light the inserted match head with a flaming match, or rub the abrasive on 
the match box against it. 

Nonelectric Misfires 

Preventing nonelectric misfires. Working on or near a misfire is the most 
hazardous blasting operation. A misfire should be rare if the following 
procedures are carefully observed: 

■ Prepare all primers properly. 

■ Load charges carefully. 

■ Place the primer properly. 

■ Perform any tamping operation with care to avoid damage to the prepared 
charges. 

■ Fire the charge according to the proper technique. 

■ Use dual firing systems, if possible (see Chapter 2, Dual Firing Systems) If 
both systems are properly assembled, the possibility of a misfire is reduced. 

■ Do not use blasting caps underground. Use detonating cord. 
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Clearing nonelectric misfires. Occasionally, a nonelectric misfire will occur 
Investigation and coirection should he undertaken only by the soldier who 
placed the chi age For charge pnmed with a nonelectric cap and time blasting 
fuse, the procedures outlined below should be followed 

■ Delay the investigation of the misfire at least 30 minutes after the expected 
time of detonation 1 his allows ample time for any explosion delayed because 
of a defective powder train in the luse. Under certain combat conditions, 
however immediate investigation may be necessary 

■ If the misfired charge is not tamped, do not move oi disturb it Lay a primed 
1 pound charge at the side of the misfired charge, and fire 

■ If the misfired charge has no more than a foot of tamping, attempt to explode it 
by placing and detonating a new 2 pound charge on top 

■ If the misfired charge is located in a lamped borehole or the location ol ihe 
tamped charge makes ihe method described in the previous paragraph 
unpractical, carefully remove the tamping with wooden or nonmetallic tools. 
Avoid digging into the chaige accidentally Blow out the tamping by using a 
stream of compressed air or water, if either is available. During digging, 
constant checking of the depth of the borehole from the ground surface to the 
top of the charge will minimize the danger of striking the charge. When the 
charge has been uncovered within 1 foot, insert and detonate a now 2 pound 
primer Whonever possible, use detonating cord to prime underground 
charges, and locate the blasting cap above ground (see Chapter 2. Detonating 
Cord Firing Systoms). 

■ An alternate method of reaching a deep misfired charge is to drill a new hole 
to the same depth within 1 foot of the old one Place a 2 -pound pr imed charge 
in the new hole to detonate the misfired charge. Drill tho new hole carefully to 
avoid striking the old misfired charge. Avoid placing the new charge too far 
away to induce detonation 



ELECTRIC FIRING SYSTEMS 

Components and Assembly for Detonation 

An electric firing system is one in which electricity is used to fire die primary 
initiating element. An electric impulse supplied from a powei souice, usually 
an electric blasting machine, navels through the firing wire and cap lead wires 
to fire an electric blasting cap. The chief components of the system are 
the electric blasting cap, firing wire, and the blasting machine (Figure 2-6). 
Detailed information about the electric blasting equipment is found in 
TM 9 1 375 2 1 3 34 T tie preparation of the explosive charge for detonation by 
electric means is called electric priming The proper methods and sequence of 
operations of electric priming follow Electric blasting caps can be detonated by 
radio frequency (RF) Theiefore, minimal safe distances are given in Table 2-1 
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WARNING 



Do not connect the blasting machine to the firing 
wire until prefiring tests are complete and the 
charge is ready for firing. 



Place charges. Prepare and place all explosive charges in accordance with the 
methods defined in Chapter 3. Details of preparing demolition blocks for electric 
priming are given in Chapter 2, Priming Demolition Blocks 



ELECTRIC Bl ASTING MACHINE 





WIRE 



El EC TRIG 
BLASTING 
CAP 



Figure 2-6. Electric initiation system 



Table 2 1. Minimum safe distance Irom transmitter antennas 



Average or peak transmitter power. 
W 


Minimum distance to transmitter, 
m 


0- 30 


30 


30-50 


50 


SO- TOO 


110 


tOO- 250 


160 


250-500 


230 


500- 1 ( 000 


305 


1.000-3.000 


480 


3.000- 5.000 


610 


5,000- 20.000 


916 


20.000 - 50.000 


1.530 


50.000-100.000 


3,050 



‘Nolo. When the transmissions a pulsed or pulsed continuous wave typo and ns pulse width u lev 
than 10 microseconds the left hand column indicates average power I or all other transmission-, 
including thoso with pulse widths gieatoi than 10 microsecond:, the loft bond column indicate, 
peak power 
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Lay out firing wire. The following steps are used to lay out firing wire: 

■ After locating a firing position a safe distance awayfrom the charges, lay out 
the firing wire from the charges to the firing position 

■ Test thefiring wire as described in Chapter 2, Testing Electric Wires, Blasting 
Caps, and Circuits. 

■ Twist the free ends of the firing wire together to prevent an electric charge 
from building up in the firing wire. 

Test blasting caps. The following steps are used to test blasting caps: 

Test each blasting cap to be used in the eiectric system as described in 
Chapter 2, Testing Electric Wires, Blasting Caps, and Circuits. 

■ After each cap has been tested, twist the free ends of the cap lead wire 
together or shunt them with the short-circuit shunt to prevent an electric 
charge from building up rn the cap lead wires. 

Connect series circuit. The following steps are used to connect series circuit: 

■ Connect the lead wires into one of the two series circuits (Chapter 2 , Series 
Circuits), if two or more electric blasting caps are used. 

■ Test the blasting caps with the test set or galvanometer as described in 
Chapter 2, Testing Electric Wires, Blasting Caps, and Circuits, if more than 
two blasting caps are used in the series circuit or if the circuit is complicated. 

■ Splice the free cap lead wires to the bring wire. 

Insert caps into charges. Place the blasting caps in the explosive charges and 
fasten the caps securely to the charges. For details of electric priming of 
demolition blocks, see Chapter 2 , Priming Demolition Blocks. 

Test entire circuit. The following steps are used to test the entire circuit: 

■ Move to the firing position and test theentire firing circuit with the lest set or 
galvanometer as described in Chapter 2, Testing Electric Wires, Blasting 
Caps, and Circuits. 

■ Twist the free ends of the firing wire together. 

Test blasting machine. Test-operate the blasting machine several times as 
outlined in TM 9-1 375-213-34 to ensure that it is working. 

Connect blasting machine. The following steps are used to connect the 
blasting machine: 

■ Untwist the free ends of the firing wire and fasten them to the two posts of the 
blasting machine. 

■ Operate the blasting machine to fire the charges 
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Observe precautions. A number of precautions should be observed. If two or 
more electric blasting caps are connected in the same circuit, be sure they are 
the same type and made by the same manufacturer. This is essential in 
preventing misfires. Blasting caps of different manufacturers have different 
electrical characteristics These differences can result in some caps in the 
circuit not firing because other caps fire more quickly and break the circuit 
before the slower caps have received enough electricity to fire. This is not true, 
however, of the M6 special electric blasting caps, all of which are made 
according to the same specifications. Identify blasting caps of the same 
manufacturer by the label, color of the cap, or shape of the shunt. 



For safety reasons, only one soldier should be detailed to connect the blasting 
machine to the firing circuit, and the same soldier should fire the circuit. This 
soldier should be responsible for the care and security of the blasting machine at 
all times during blasting activities. 



Splicing Electric Wires 

Stripthe insulating materialfrom the end of insulated 
wires before splicing. Expose approximately 3 inches 
of bare wire, as shown in Figure 2-7, and removeany 
foreign matter, such asenamel, by carefully scraping 
the wire with the back of a knife blade or another 
suitable took Do not nick, cut, or weaken the wires 
when the wires are bare. Twist multiple strand wires 
lightly after scraping. 






Fig ure 2-7 Western Union pigtail splices 



Splicing method. Two wires, prepared as described, may be spliced as shown in 
Figure 2-7. This is called the Western Union pigtail splice. Protect the splices 
from pull damage by tying the ends in an overhand or square knot, allowing 
sufficient length for each splice as shown. Splice two pairs of wires inthe same 



2-9 



way asthe two-wire splice (Figure 2-8). Splice one wire of one pair to one wire of 
the other pair. Repeat the process for the other two wires 
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FIRING WIRE 




Figure 2-8. Splicing two pairs of wires 



Splicing precautions. If certain precautions are not observed, a short circuit 
may easily occur at a splice. If the pairs of wires are spliced, stagger the two 
separate splices and tie them with twine or tape as in Figure 2-8. An alternate 
method of preventing a shortcircuit atthe point of splice isshown in Figure2-8. 
In the alternate method, the splices are separated, not staggered. Insulate 
splices from the ground or other conductors by wrapping them with friction tape 
or other electric insulating tape. This is particularly necessary when splices are 
placed under wetta mping. Circuit splices thatare nottaped or insulated should 
not lie on moist ground. Support the splices on rocks, blocks, or sticks so that 
only the insulated portions of the wires touch the ground. Protect the splices by 
inserting them in the cardboard cap spools which may be bent to hold the splice 
firmly inside. 

Series Circuits 

Common series. This circuit is used to connect two or more charges fired 
electrically by a single blasting machine (Figure 2-9, A). Prepare a common 
series circuit by connecting one blasting cap lead wire from the first charge to 
one lead wire in the second charge, and so on until only two end wires are free. 
Connect the free ends of the cap lead wires to the ends of the firing wire. Use 
connecting wires (usually annunciator wire) when the distance between 
blasting caps is greater than the length of the usual cap lead wires. 
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Leapfrog series. The leapfrog method of connecting caps in a series is usefulfor 
firing ditching charges or any long line of charges (Figure 2-9, B). This method 
consists of omitting alternate charges on the way and then connecting them to 
form a return path for the electric impulse to reach the other lead of the firing 
wire. This method eliminates laying a tong return leadfromthefarendof the line 
of charges back to the firing wire. Additional information on series circuits is 
located in Appendix D. 





Figure 2-9. Series circuit 



Testing Electric Wires, Blasting Caps, and Circuits 
Testing firing wire. Firing wire may be tested as follows: 

When using an M51 blasting cap test set — 

■ Check the test set by connecting the posts with a piece of bare wire or the legs 
of the M2 crimpers as shown in Figure 2-10. The indicator lamp should flash 
when the handle is squeezed 




Figure 2-10. Testing the galvanometer or test set 
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When using the blasting gaivanometer — 

■ Check the galvanometer by holding a piece of metal across its terminals 
(Figure 2-1 0 f page 2-1 1) If the battery is good, the needle will show a wide 
deflection, approximately 25 units (0 ohms). 

■ Separate the firing wire conductors at both ends, and connect those at one 
end to the test set binding posts. Actuate the test set. The indicator lamp 
should not flash. If it does, the firing wire has a short circuit (Figure 2-1 1 ). 

■ Twist the wires together at one end, and connect those at the other end to the 
M51 test set posts. Actuate the test set. The indicator lamp should flash. If it 
does not flash, the firing wire has a break (figure 2-1 1). 

When using the galvanometer — 

■ Separate the firing wire conductors at both ends, and touch those at one end 
to the galvanometer posts. The needle should not move. If the needle moves, 
the firing wire has a short circuit (Figure 2 1 1 ). 

■ T wist the wires together at one end, and touch those at the other end to the 
galvanometer posts. This should cause a wide deflection of the needle 
approximately 6 V? ohms or 23 to 24 units for a 500 foot length No movement 
of the needle indicates a break. A slight movement indicates a point of high 
resistance which may be caused by a dirty wire, loose wire connections, or 
wires with several strands broken off at connections. 



UNINSULATED PORTIONS OF WIRES 




SATISFACTORY DEFECTIVE 



NOTE: The firing wire may be tested on the reel, but it should be 
tested again after unreeling because this may separate broken 
wires not noticed when the wire was reeled 



Figure 2-1 1 . Testing firing wire 
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Testing electric blasting caps- Electric blasting caps may be tested as follows: 
When using the M51 blasting cap test set— 

■ Check the test set as described. 

■ Remove the short-circuit shunt from the lead wires of the electric blasting 
cap. Place the blasting cap under a sandbag or like object to prevent injuries 

due to premature cap detonation during testing. 

■ Attach one cap lead wiretoone binding post. Tietheother cap lead wire tothe 
other post, and squeeze the test set handle. The blasting cap is satisfactory if 
the indicator lamp flashes. If it does notflash, the cap is defective and should 

not be used. 

When using the blasting galvanometer — 

■ Check the galvanometer. 

■ Remove the short circuit shunt and place the blasting cap under a sandbag or 
like object. 

■ Touch one cap lead wire to onegalvanometer postandthe other cap lead wire 
tothe other post If the galvanometer's needle deflects slightly less than it did 
when the instrument was tested, the blasting cap is satisfactory. If not, the 
cap is defective and should not be used. Always poi nt the explosive end of the 
cap away from the body during the test. 

NOTE: If the baltery is fresh, fhe galvanometer should read 
25 units (O ohms} when the instrument is tested, and approxi- 
mately 24 units (about 2 ohms} when a good blasting cap is tested. 

Testing series circuit. Connect the free ends of the firing wire to the binding 
posts when usmgthe blasting captest set The indicator lampshouldflash If the 
lamp does not flash, the circuit is defective 

NOTE: Since the M51 test set cannot discriminate between a 
I i ring circuit that is properly set up and one with a short circuit in it, 
special care must be taken in wiring the circuit to avoid shorting. 

Touch the free ends of the firing wire to the galvanometer posts. This should 
cause a wide deflection of the needle. The extent of the deflection depends on 
the number of caps and the length of the firing wire. The circuit is defective if 

there is no deflection. 

NOTE: To get a wide deflection of the needle, the galvanometer 
battery should be in good condition. 

Shuntthe wires if the firing circuit isdefective. Godown range, and recheckthe 
circuit repeating the steps in Chapter 2, Testing Electric Wires, Blasting Caps, 
and Circuits. Replace the wires if a splice is defective. Continue to test all caps 
and wires in the circuit. Test the entire circuit again to make sure that all breaks 
have been located before attempting to fire the charge 
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Electric Misfires 

Prevention of electric misfires. To help prevent misfires, make one individual 

responsible for all the electrical wiring in a demolition circuit. The same 

individual should do all the splicing and ensure that the following steps are 
carried out: 

■ Include all blasting caps in the firing circuit. 

■ Make all connections between blasting cap wires, connecting wires, and 
firing wires. 

■ Avoid short circuits. 

■ Avoid grounds. 

■ Make sure thatthe number of blasting caps in any circuit does not exceed the 
rated capacity of the power source on hand. 

Causes of electric misfires. Common causes of electric misfires include 
inoperable or weak Wasting machine or power source; improperly operated 
blasting machine or power source; defective and damaged connections causing 
either a short circuit, a break in the circuit, or high resistance with a resulting 
low current; or a faulty blasting cap. Other typical causes are use of blasting caps 
{other than M6) made by different manufacturers in the same circuit or use of 
more blasting caps than the power source rating permits. 

Procedure for clearing electric misfires. Electric misfires must be cleared with 
extreme caution because of the hazards of burning charges and delayed 
explosions. Clear misfires of charges pri med with detonating cord, and fired by 
a n electric blasti ng cap, as described in Chapter 2, Detonating Cord M isfires. If 
the charge is electrically primed above ground and it is not dual primed, take 
corrective action immediately. If the misfire is dual primed and above ground, 
wait 30 minutes before approaching the misfire because a burning charge can 
cause the second cap to detonate the charge. If the charge is dual primed 
electrically with caps below ground, wait 30 minutes before investigating to 
makesure thatthe charge is notburning. If the system is belowground but not 
dual primed and a misfire occurs, proceed as follows: 

■ Check the firing wire connection to the blasting machine or power source 
terminals to be sure that the contacts are good. 

■ Make two or three more attempts to fire the circuits. 

■ Try to fire again, using another blasting machine or power source, or change 
operators. 

■ Use secondary firing system for dual firing systems. 

■ Disconnect the blasting machine firing wire and wait 30 minutes before 

further investigation. Ensure that the firing wires at the power source end of 

the circuit are shunted to avoid any possible static electric detonation before 
moving on to the charge site. 

■ Check the entire circuit, including the firing wire, for breaks and short 
circuits. 
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■ If the fault is not above ground, remove the tamping material from the 
borehole very carefully to avoid striking the electric blasting cap. 

■ Do not attempt to remove either the primer or the charge. 

■ If the fault is not located by removing the tamping material to within 1 foot of 
the charge, place a new electric primer and 2 pounds of explosive. 

■ Disconnect the blasting cap wires of the original primer from the circuit, and 
short the cap's lead wires. 

■ Connect the wires of the new primer in their place. 

■ Replace the tamping material. 

■ Initiate detonation. The new primer will fire the original charge. 

NOTE: In some cases, it may be better to drill a new hole within a 
foot of t he old one at t he sa me depth to avoid accide ntal detonatio n 
of the old charge. Place and prime a new 2-pound charge 

Premature Detonation by Induced Currents and Lightning 
Induced currents. The premature detonation of electric blasting caps by 
Induced current from radio-frequency signals ispossible.Table2-1 on page 2-7 
lists the minimum distances from transmitters for safe electrical blasting. This 
table applies to operating radio, radar, microwave, and television transmitting 
equipment. Mobile transmittersand portable transmitters are prohibited within 
50 meters of any electric blasting caps or electrical firing systems. If blasting 
distances are less than those shown in Table 2-1 on page 2-7, the only safe 
procedure is to use a nonelectric system, which cannot be prematurely 
detonated by radio-frequency currents. If using the electric system is necessary, 
follow precautions given in TM 9-1300-206 and Army Regulation (AR) 385-63. 

NOTE: Radar and microwave transmissions are directed. There- 
fore, be careful in determining the primary direction of the 

If electric blasting caps are to be transported 
near operating transmitters or in vehicles 
(including helicopters) where a transmitter is 
used, place the caps in a metal can with a snug- 
fitting cover with a half-inch or more lap. Do not 
remove caps from containers near an operating 
transmitter unless the hazard has been judged 
acceptable. 

Lightning. Lightning is a hazard to both electric and nonelectric blasting 
charges. A strike or a nearby miss is almost certain to initiate either type of 
system. If lightning strikes, even when far away from the blasting site, it may 
cause high local earth currents and shock waves that may initiate electrical 
firing circuits. The effects are worse when lightning strikes near conducting 
elements, such as those in buildings, fences, railroads, bridges, streams, and 



transmissions. 

WARNING 
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Detonating Cord Misfires 

Failure of nonelectric blasting cap. If a nonelectric blasting cap is attached to 
the detonating cord and it fails to fire., follow these steps: 

■ Delay the investigation for at least 30 minutes. 

■ Cut the detonating cord main line between the blasting cap and the charge 

■ Fasten a new blasting cap to the detonating cord. 



Failure of electric blasting cap. If an exposed electric blasting cap is fastened to 
the detonating cord and it fails to fire, follow these procedures: 

■ Disconnect the blasting machine immediately and investigate. 

■ Test the blasting circuit for any breaks or short circuits. 

■ Short the firing wire leads to correct the problem before leaving the firing 
position. 

■ Replace the original blasting cap, if necessary. 

Failure of detonating cord. If the detonating cord fails to function at the 

explosion of an exposed electric or nonelectric blasting cap, take the following 
action: 

■ Investigate immediately. 

■ Attach a new blasting cap to the detonating cord, taking care to fasten it 
properly. 

Failure of branch line. If the detonating cord main line detonates but a branch 
line fails, fasten a blasting cap to the branch line and fire it separately. 

Failure of charge to explode. If the charge is above ground and the detonating 
cord leading to a charge detonates but the charge fails to explode, carry out the 
following procedures: 

■ Delay investigation until it is certain that the charge is not burning. 

I Wait 30 minutes if the charge is below ground. 

■ Insert a new primer if the charge is intact. 

■ Reassemble as much of the original charge as possible if the charge is 
scattered by the detonation of the original detonating cord. 

■ Place a new charge and reprime, if necessary. 

■ Make every attempt possible to recover all explosives scattered by misfire, 
particularly those used in training exercises. 

DUAL FIRING SYSTEMS 

Overview 

There is always a certain amount of danger to personnel investigating misfires. 
Since misfires are less likely to happen with dual priming, use this method 

whenever possible. Dual priming consists of two complete systems independent 
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of each other, each capable of firing the same charge. It can be two electric 
systems, two nonelectric systems, or an electric and nonelectric system. 

Nonelectric Dual Firing System 

This system consists of two independent nonelectric systems for firing a single 
charge or set of charges If two or more charges are to be fired si multaneously, 
lay out two detonating cord ring mains and tie each branch line from each 
charge into each ring main. Figure 2-1 5 illustrates the layout for a nonelectric 
dual firing system. 



GIRTH HtTCH WITH 
ONE EXTRA TURN 




TIME FUSE 



Figure 2-15. Nonelectric dual firing system 
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Electric Dual Firing System 

The electric dual firing system consists of two independent electric circuits 

Each circuit has an electricblasting cap in each charge so thatthe firing ofeither 

circuit will detonate all charges. The correct layout is shown in Figure 2-16. 

Separate the firing wires of the two circuits so the wires will not be cut by a 

single bullet or a single shell fragment. The firing points must be at two separate 
locations. 




Combination Dual Firing System 

The combination dual firing system uses an electric and nonelectric firing 

system (Figure 2-17}. Prime each charge electrically and nonelectrically. Each 

system must be entirely independent of the other. Fire the nonelectric system 
first. _ 




Figure 2-17. Combination dual firing system 
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PRIMING CHARGES 



Overview 

The three methods — nonelectric, electric, and detonating cord — of priming most 
basic explosives are described. 

Priming Demolition Blocks 
Nonelectric priming. Demolition blocks may 

have threaded cap wells. Use priming adapters, 

if available, to secure the nonelectric blasting time 
cap and time blasting fuse to the demolition 
blocks with threaded cap wells (Figure 2-18). 

When priming adaptersare notavailable, prime 
demolition blocks with threaded cap weds as 
follows: 

a Wrap a string tightly aroundthe block and tie 
it securely, leaving approximately 6 inches of 
loose string on each end (Figure 2-19, A). 

B Insert a blasting cap with the fuse attached 
into the cap well. 

B Tie the loose string around the fuse to prevent 
the blasting cap from being separated from 
the block. 

Prime demolition blocks without cap wells as follows: 

B Make a hole large enough to contain the blasting cap in the end of the block. 
Use a pointed nonsparking instrument or the pointed handle on the M2 
crimpers (Figure 2-19, B). 

a Wrap a string severaltimes aroundthe explosive, andtiea secure knot. Place 
the tie so that it will be at the top of the hole when the fused cap is inserted. 
B Insert fused cap into hole. 

a Tie the string aroundthetimefuse at the top of the hole with two half hitches. 
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Figure 2-18. Nonelectric priming with 

priming adapter 
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Figure 2-1 9. Nonelectric priming without priming adapter 
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Electric priming with priming adapter. If the blocks have threaded cap wells, 

use priming adapters if available. Perform the following steps for electric 
priming with priming adapter: 

■ Untwist the free ends of the lead wire, and fasten them to the firing wire. 

■ Pass the lead wires through the slot of the adapter, and pull the cap into place 
in the adapter (Figure 2-20). 

■ Insert the cap into the cap well of the explosive, and screw the adapter in 
place. 




Figure 2-20. Electric priming of demolition block with priming adapter 



Electric priming without priming adapter. If a priming adapter is not available, 
perform the following steps: 

■ Make a cap well, ifthe block does not haveone, asshown in Figure2 1 9, Bon 
page 2-21. 

■ Untwist the free ends of the lead wire, and fasten them to the firing wire. 

■ Insert the electric cap into the cap weJI, and tie the lead wires around the block 

by two half hitches or a girth hitch (Figure 2-21). Allow some slack in the 

wires between the blasting cap and the tie to prevent any pu 1 1 on the blastinq 
cap. 




Figure 2-21. Electric priming of demolition block without priming adapter 
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Detonating cord priming. Demolition blocks can be primed with detonating 
cord in several ways. 
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NOTE: A 6- inch length of detonating cord equals the power output of a blasting cap. However, it will 
not detonate explosives as reliably as a cap because its power output is not as concentrated. 

Use the methods that follow to prime demolition blocks with detonating cords. 



The most reliable method is to affix a nonelectric 
blasting cap to the end of the detonating cord and 
place it in the demolition block in the same way as for 
nonelectric priming. Initiate the assembly by an 
electric or nonelectric system. 

The common method is shown in Figure 2-22. Lay 
one end of a 4-foot length of detonating cord at an 
angle across the explosive. Then give the running 
end three wraps around the block, and lay the end at 
an angle. On the fourth wrap, slip the running end 
under all wraps parallel to the other end and draw 
tight. Initiate by an electric or nonelectric system. 

Alternate method number 1 is shown in Figure 2-22. 
Tie the detonating cord around the explosive block 
{on top of the booster, if present) with a clove hitch 
and two extra turns. Fit the cord snugly against the 
blocks, and push the loop close together. Initiate by 
an electric or nonelectric system. 

Alternate method number 2 is shown in Figure 2-22. 
Place a loop of detonating cord on the explosive with 
four wraps around the block and loop. Ensure that in 
starting the first wrap that it immediately goes over 
the short leg of the loop. Pull the running end through 
the eye of the loop and tighten. Initiate by an electric 
or nonelectric system. 

NOTE: Alternate method number 2 is more applicable to short 
than long detonating cord branch lines or primers. 

Alternate method number 3 isshown in Figure2-22. 
Form a Uli knot with a minimumof eight wraps using 
a 20- to 24-inch length of detonating cord. This knot 
equals the power output of three to four blasting 
caps Tape the knottightlytothe demolitionchargeto 
be detonated. 



COMMON METHOD 




ALTERNATE NO 2 




ALTERNATE NO 3 




TNT DEMOLITION BLOCK 



BLASTING CAP 



CAP WELL 



Figure 2-22. Detonating cord priming of 

demolition blocks 
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Composition C4 Demolition Blocks 

Nonelectric and electric priming. Use whole blocks or portions of blocks of 

plastic explosives (Composition C4>, and prime the same way as demolition 

blocks without cap wells. Cut plastic explosives with a knife and form into anv 
shape. 

Detonating cord priming. To prime plastic explosives with detonating cord, 
form either of the three knots shown in Figure 2-23. 

Insert the knot into a block of explosive or a molded piece of explosive. For 

positive detonation, ensure that there is at least VS inch of explosive on all sides 
of the knot. 




(JU KNOT 




TAPE 



OVERHAND KNOT 





TRIPLE ROLL KNOT 




Figure 2-23. Detonating cord priming of plastic explosive 
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Sheet Explosive (Ml 1 8 and Ml 86 Demolition Charges) 

Nonelectric and electric priming . The Ml 1 8 and M 1 86 demolition charges can 

be primed as follows: 

■ Attach M8 blasting cap holder to one end or side of sheet explosive, and insert 
the electric or nonelectric blasting cap in the holder until the end of the cap 
presses against the sheet explosive. The M8 blasting cap holder fastenstothe 
sheet explosive with three slanted protruding teeth which prevent with- 
drawal. Two dimpled spring arms firmly hold the blasting cap in the M8 holder 
(Figure 2-24). 

■ Cut notch approximately I 1 /? inches long and Vi inch wide in the sheet 
explosive, and insert the blasting cap to the limit of the notch. Secure the 
blasting cap with a strip of sheet explosive (Figure 2-24). 

■ Place the blasting cap on top of the sheet explosive and secure with a strip of 
sheet explosive at least 3 inches by 3 inches 

■ Insert the end of the blasting cap IV? inches between two sheets of the 

explosive. 



NOTE: The M 8 holder is supplied in each Ml 18 and Ml 86 
demolition charge of recent manufacture. !t is also available as a 
separate item of issue in quantities of 4,000. 



BLASTING CAP 




NONELECTRIC 
BLASTING CAP 






» 




Figure 2 24 Priming sheet explosive 
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Detonating cord priming. Prime the M 11 8 and M186 demolition charge sheet 
explosive with the detonating cord by attachi ng a nonelectric blasting cap to the 
end of the detonating cord. Then follow the same steps as for priming sheet 
explosive described above. Sheet explosive can also be primed with detonating 
cord using a Ufi knot. Cover both the blasting cap and the Uli knot with a strip of 
sheet explosive and connect to an eJectric or nonelectric firing system. 

Dynamite 

Prime dynamite at either end or side. Use end priming when a whole case is 

fired and the placed charges require no tamping. Use side priming when the 

charge is placed in a tamped borehole to prevent damage to the primer during 
placement and tamping. 

Nonelectric priming methods. There are three possible methods that can be 
used to prime dynamite non electrically. 

One is the end priming method {Figure 2-25, A). Prime as follows: 

■ Make a cap well in the end of the dynamite cartridge using the cap cri mpers. 

■ Insert a fused blasting cap. 

■ Tie the cap and fuse securely in the cartridge with a string. 



A EMD PRIMING METHOD 




Figure 2-25. Nonelectric end priming of dynamite 
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A second isthe weatherproof end priming method (Figure 2-25, B}. Followthese 

steps: 

■ Unfold the wrapping at the folded end of the dynamite cartridge. 

fl Make a cap well in the exposed dynamite using the cap crimpers. 

B Insert a fused blasting cap into the cap well. 

B Close the wrapping around the fuse and fasten securely with a string or tape. 

B Apply weatherproof sealing compound to the tie. 

A third is the side priming method (Figure 2-26). Prime as follows: 

B Make a cap well about IV? inches from one end of the dynamite cartridge 
using the cap crimpers. Slant the cap well so that the blasting cap, when 
inserted, will be nearly parallel with the side of the cartridge and the explosive 
end of the cap will be at a point nearest the middle of the cartridge. 

B insert a fused blasting cap into the hole. 

B Tie a string securely around the fuse, and then wrap it tightly around the 
cartridge, making two or three turns before tying it. 

B Weatherproof the primed cartridge by wrapping a string closely around the 
cartridge, extending it an inch or so on each side of the hole to cover it 
completely. Cover the string with a weatherproof sealing compound. 






( 4 ) 




Figure 2 26. Nonelectric side priming of dynamite 
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Electric priming methods. Electric priming methods include end priming and 
side priming. 

To execute the end priming method, shown in Figure 2-27, A, follow these steps: 

■ Make a cap well in the end of the cartridge, and insert an electric blasting cap 
using the cap crimpers. 

■ Tie the lead wires around the cartridge with a girth hitch or two haJf hitches. 

if side priming is to be done, as shown in Figure 2-27, B, follow these 
procedures: 

■ Make a cap well in theside of the cartridge, and insertan electric blasting cap. 

■ Tiethe lead wire around the cartridge with a girth hitch ortwo half hitches or 
fasten with a string or tape. 

A END PRIMING METHOD 




J 



ELECTRIC 

BLASTING 

CAP 




B. SIDE PRIMING METHOD 



ELECTRIC 

BLASTING 

CAP 



TWO HALF HITCHES 
OR GIRTH HITCH 







Figure 2-27 Electric priming of dynamite 
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Detonating cord priming. Prime the dynamite cartridges with the detonating 
cord by attaching a nonelectric blasting cap to the end of the detonating cord and 
following any of the methods outlined for nonelectric priming of dynamite. 
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Dynamite can also be primed by lacingtbedetonating 
cord through it. This method is used chiefly in 
boreholes, ditching, or removal of stumps Punch 
four equally spaced holes through the dynamite 
cartridge, and lace the detonating cord through them 
as shown in Figure 2-28. 

Forty-Pound Ammonium Nitrate 
Cratering Charge 

Nonelectric priming. To perform nonelectric priming, 
as shown in Figure 2-29, follow these steps: 




DETONATING 
CORD 




% 'I DYNAMITE . MIU T ARY. M 1 

.. ’ f^itojh'u vsLocrr rj 

tA4 ’ 




ELECTRIC OR 
NONELECTRIC INITIATOR 




Figure 2-28. Detonating cord priming 

of dynamite 



■ Place a fused nonelectric blasting cap in the cap well on the side of the 
container. 

a Tie a string around the fuse and then around the cleat above the cap well. 

B Dual prime as illustrated in Figure 2-30, page 2-30. 



Electric priming. Electric priming, as shown in Figure2-29, is done by following 
these steps: 



a Place an electric blasting cap in the cap well on the side of the container. 
B Tie the lead wires around the cleat above the cap well. 



B Dual prime. 



TIME FUSE 




3 C 



nonelectric/ 

BLASTING CAP 




ELECTRIC 

BLASTING 



FASTEN 
TO CLEAT 




CAP 





FASTEN WIRES 
TO CLEAT 




Figure 2-29. Nonelectric and electric priming of ammonium nitrate cratering 
charge 
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Detonating cord priming. When priming with detonating cord, as shown in 
Figure 2-30 r follow these procedures: 
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■ Pass the end of the detonating cord through the tunnel on the side of the can. 

■ Tie an overhand knot at least 6 inches from the end of the portion passed 
through the tunnel to ensure firing from a dry end. 

■ Dual prime as described in the paragraph that follows 



Dual priming. The dual priming method is shown in Figure 2-30. Dual prime to 
ensure positive detonation of the ammonium nitrate cratering charge Tape a 
1 -pound block of TNT or one package of C4 to the side of the charge near the cap 
well or detonating cord tunnel to detonate the TJVJT booster in the center of the 
charge. Prime the demolition block in the same way as the cratering charge. 
Prime both charges so that detonation will be simultaneous. 



HFTnM ATIMH man DDiKAiiiin 




NOTE: If side placement of a \ -pound block of explosive is not 
possible, bottom placement isbetterthan top placement to achieve 
dual priming. 



Figure 2-30 Detonating cord priming and dual priming of ammonium nitrate 
cratering charge 



Precautions. Ammonium nitrate absorbs moisture and becomes ineffective. 
Therefore, inspect the metal container for damage or rusting. Do not use 
damaged or rusty charges. For safety in priming, use detonating cords whenever 
charges are placed underground. 
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Shaped Charges 

Nonelectric and electric priming. The M2A3, M2A4, M3, and M3A1 shaped 
charges have athreaded cap well atthetopof the rear cone. They can be primed 
with a blasting cap and priming adapter as shown in Figure 2 31 . A primer can 
be held in thecap well with a string, a pieceof cloth, ortape if a priming adapter 
is not available. 

Detonating cord priming. Prime shaped charges with detonating cord by 
attaching a nonelectric blasting cap to the end of thedetonating cord, and follow 
the procedure shown in figure 2-31 substituting detonating cord for a time fuse. 



A. WITH PRIMING ADAPTER 




M3 

SHAPED 

CHARGE 









/ 






B. WITHOUT PRIMING ADAPTER 





Figure 2-31 . Nonelectric and electric priming of shaped charges 



Dual priming. Detonate the shaped charges from the center rear of the cone for 
maximum effectiveness. Conventional methods of dual priming are not appli- 
cable to shaped charges. 



2-31 




FM 5-25 



Bangalore Torpedo 

Nonelectric priming. Prime the bangalore torpedo by assembling a length of 
time blasting fuse and a nonelectric blasting cap in a priming adapter and 
screwing the assembly into the cap well of a torpedo section (Figure 2-32, A). A 
section can also be primed nonelectrically by using a pull type of firing device 
with a nonelectric blasting cap crimped on the standard base and screwed into 
the cap well (Figure 2-32, 8). If no priming adapter is available, insert the 
blasting cap with fuse into the charge and secure it with a piece of string ortape 
to prevent it from separating from the charge. 



Electric priming. Prime the bangalore torpedo electrically by assembling a 
blasting cap and priming adapter and screwing the assembly into the cap well of 
a torpedo section (Figure 2-32, C) Insert the blasting cap into the charge if no 
priming adapter is available. Tie the lead wires around the charge with two half 
hitches. Allow some slack in the wires between the blasting cap and the tie to 
prevent pulling on the blasting cap. 



Detonating cord priming. Prime the bangalore torpedo with a length of 
detonating cord by wrapping the cord at least four times around the cap well at 
either end in the same way used to prime TNT (Figure 2-22 on page 2-23). 
Additional wraps may be used. Another method is to crimp a nonelectric cap on 
the end of the detonating cord. Prime the torpedo using the same method as for 
nonelectric priming described earlier. 
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Figure 2-32. Nonelectric and electric priming of bangalore torpedo 
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The amount and placement of explosives are key factors in a military demolition 
project. Formulas are used for calculations. Demolition principles and critical 
factor analysis also guide the soldier in working with charges. This chapter 
discusses how to accurately determine quantity and placement of charges. 
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FUNDAMENTAL CONSIDERATIONS 

Critical Factors in Charge Calculations 

The amount of explosive used in any demolition project is determined by formula 
calculations based on the following critical factors. 

Type and strength of material. A demolition target may be constructed of 
timber, steel, or other material. Concrete may be reinforced with steel, thereby 
increasing its strength. 

Size and shape of target. Consider the size and shape of the target. For 
example, large targets, such as concrete piers, and oddly shaped targets, such 
as steel I-beams, may be attacked more economically by multiple charges than a 
single charge. 

Desired demolition effect. Consider the extent of demolition and other desired 
effects such as the direction of falling trees to construct an abatis. 

Type of explosive. The particular characteristics of each type of explosive 
determine its application for various demolition projects. They are listed in Table 
1-1 on page 1-3 and Table 1-2 on page 1-8. 

Size and shape of charge. Calculate the amount of explosive by using 
demol ition formulas. However, when external charges are used without special 
placement techniques, a flat square charge with a thickness-to-width ratio of 1 
to 3 or more will give acceptable results. In general, charges less than 5 pounds 
should be 1 inch thick. Charges from 5 to 40 pounds should be 2 inches thick 
Charges 40 pounds or more should be 4 inches thick. 

Charge placement. For cratering, placecharges in holes belowtheground. For 
breaking or collapsing stone or concrete, locate the charges on the surface or in 
boreholes. For cutting timber, tie them on the outside or place in borehoies, 
whichever is more practical. 

Fasten charges to the target by wire, adhesive compound, tape, or string. Prop 
charges against the target with a wooden or metal frame made of scrap or other 
available materials, or place in boreholes. 

Method of initiation. The method of initiation is not critical except for special 
types of charges, such as a shaped charge or diamond charge. 

Method of tamping. Detonating an explosive produces pressure in all direc- 
tions. If the charge is not completely sealed or confined, or if the material 
surrounding the explosive is not equally strong on aJI sides, the explosive force 
will escape through the weakest spot. To keep as much explosive force as 
possible on the desired objective, pack the material around the charge. This 
material is called tamping material, and the process is called tamping. 
Stemming is the process of packing material on top of an internal borehole 
charge used during quarrying and cratering. 
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Principles of Demolition 

Effects of detonation. When an explosive detonates, the explosive changes 
violently into compressed gas at an extremely high pressure. The type of 
explosive and the density, confinement, and dimensions of thechargedetermine 
the rate of change. The resulting pressure then forms a compressive shock wave 
which shatters and displaces objects in its path as it proceeds from its point of 
origin. A high explosive charge detonated in direct contact with a solid object 
produces three detectable destructive effects. 

The first effect is one in which the surface of the object directly under the 
explosive charge will be deformed On a concrete surface, the compressive 
shock wave crumbles the material in the immediate vicinity of the charge, 
forming a crater. On a steel target, an indentation or depression, with an area 
about the size of the contact area of the charge, is made in the surface of the 
plate. 

The second effect is one in which the explosive shock wave chips material to be 
breached. This is known as spalling. If the charge is big enough, the opposite 
side of the object will spall or chip away. If the target has a free surface on the 
side opposite the charge, due to the difference in density between the target and 
the air, the compressive shock wave will be reflected as a tensile shock wave 
from that free surface. This causes spalling of the target-free surface. On a 
concrete wall, the crater and spalls may meet to forma hole through the wall. On 
a steel plate, one spall approximately the shape of the explosive charge is 
thrown from the plate. 

The third effect, which takes place if the explosive charge is large enough, isone 
in which expanding gases create a pressure load on the object that will cause 
radial cracking and displacement of material. This effect is known as cracking. 
On concrete walls, cracking may break the wall into a large number of chunks 
and project them away from the charge position. On steel plates, the material 
may be bent away from the charge position. 

Significance of charge dimensions. The force of an explosion depends on the 
q uantity and power of the explosive. The destructive effect depends on the way 
the explosive force is directed at the target. To transmit the greatest shock, the 
best relationship must exist between the area of the charge in contact with the 
target andthe chargethickness. If a calculated charge isspreadtobthinly, there 
will not be enough space forthe shockwave to reach full velocity before striking 
the target. The shock wave will tend to travel parallel rather than normal to the 
surface. As a result, the volume of thetarget will be too much forthe strength of 
the shock wave. Athick charge with a small contact area will transmitthe shock 
wave over too small a target area with too much lateral loss of energy. For 
contact steel-cutting charges on structural steel 3 inches thick or less, tests 
have shown that the best ratio of target thickness to charge width is 
approximately 1 to 3. The best ratio for reinforced concrete 1 to 7 feet thick 
ranges from approximately 1 to 6 to about 1 to 14 for rectangular external 
untamped breaching charges. 
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Significance of charge placement. The destructJve effect of an explosive 
charge also depends on the contact between the explosive and the target and 
the location of the charge in relation to target size and shape. 

Tor the most destructive effect, an explosive charge that is the best size and 
shape for the size and shape of the target must be detonated in close contact 
with the target. Any significant air or water gap between the target and the 
explosive will lessen the force of the shock wave. Explosives, such as sheet 
explosive or plastic explosives, that can be cut or molded to fit odd-shaped 
targets are better for certain types of targets. 

Place explosive charges to act through the smallest part of the target whenever 
possrble. Use internal charges to get the most destruction for the least amount of 
explosive. Tamping external charges increases their destructive effect 

Types of Charges 

Internal charges. Internal charges are placed in boreholes in the target. They 
are confined by tightly packed sand, wet clay, or other material (stemming). 
Tampand packthe stemming material against the explosive to fill the holeto the 
surface. In drill holes, tamp the explosive (usually dynamite) as it is loaded into 
the hole. Refer to TM 5-332 for details of quarry practice. 

External charges. Place external charges on the surface of the target. Tamp the 
charges by covering them with tightly packed sand, clay, or other dense 
material. Tamping may be loose or in sandbags. To be most effective, the 
thickness of the tamping should at least equal the breaching radius. Small 
breaching charges on horizontal surfaces are sometimes tamped by packing 
several inches of wet clay or mud around them. This process is called 
mudcapping. 

Charge Selection and Calculation 

Charge selection. Selection of an explosive charge for successful demolition 
operations is a balance between thecritical factors listed above and the practical 
aspects of the type of target, the amount and type of explosives available, the 
amount and type of material available (such as sandbags), the amount and type 
of equipment available, the number of personnel available, and, probably most 
important, the time availabletoaccomplish the mission. Formulas for computing 
specific charges and methods of their placement are listed in this chapter. 
Formulas based on metric measurements are listed in Appendix A. 

Charge calculation. The formulas in this chapter give the weight of the 

explosive required for a demolition task P in pounds of TNT. If explosives other 

than TNT are used, adjust the value of P according to the strength of the other 

explosives. Compute the adjusted value of P (corrected weight of explosive 

required) by dividing the P value for TNT by the relative effectiveness factor for 
the explosive to be used 
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Use the problem-solving format for all charge calculations. The six steps to the 
problem-solving format are as follows: 

■ Obtain critical dimensions necessary for charge calculation and placement. 

■ Using the selected demolition formula, calculatethe weight of a single charge 
for TNT to at least two decimals. 

■ Divide by the relative effectiveness factor, if required. 

■ Divide by the unit weight of a single package of explosive and round up the 
answer for the single charge to the next higher package size. 

■ Determine number of charges. 

■ Multiply the answer for the single charge by the number of charges to obtain 
the total amount of explosives required 

TIMBER CUTTING CHARGES 

Size and Placement of Charge 

Type of explosive used. Use dynamite for tamped internal charges in boreholes. 
The cartridge size makes it convenient to emplace. It is powerful enough 
beca use it is confined Use a block explosive (TNT. tetrytol, and Composition C4) 
for untamped concentrated external charges because it is easily tied or fastened 
tothetarget. Use plastic explosives (Composition C4) or sheet explosives (Ml 18 
or M186)for untamped external ring charges because they are easily fastened 
to and molded around the target. It is impractical to try to cut all kinds of timber 
with charges of a size calculated from a single formula Kinds of timber vary 
widelyfrom locality to locality. Therefore, make test shots to determinethe size 
of the charge to cut a specific type of timber. Formulas for calculating these test 
shots are given below. 

Formula for tamped internal charges. Use the following formula to calculate 
tamped internal cutting charges: 

P = D 2 or P - .004 D 2 where, 

250 

P = pounds of TNT required per tree, 

D = diameter or least dimension of dressed timber, in inches, and 
1 = .004 = constant. 

250 (1) 

Problem — Determine the amount of TNT required to cut one 15-inch-diameter 
tree, using tamped internalcharges, with the formula P~ D 2 given in Equation (1 ). 

250 

Solution — Solve the problem presented as follows: 

P - (15) 2 = 225 = 0.90 or 1 pound of TNT per tree 
250 250 
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internal charge placement. Place the charge in a borehole parallel to the 
greatest dimension of cross section, and tightly tamp it with moist earth. If the 
charge is too large for one borehole, make two boreholes side by Side in the 
dimensional timber. On round timber, make two boreholes at approximately 
right angles to each other, but do not intersect {Figure 3-1). Tamp both 
boreholes, and fire the charges simultaneously. 

Formula for untamped external charges. Use the following formula for cutting 
trees, piles, posts, beams, or other timber members using explosives as an 
untamped external charge: 

P - D 2 or P - .025 D 2 where, 

40 

P = pounds of TNT required per tree, 

D = diameter of round timber, or least dimension of dressed timber, in 
inches, and 

1 = 025 = constant. (2) 

40 




Figure 3-1. Internal timber-cutting charge 
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Problem — Determine the amount of TNT required to cut a round timber 
30 inches in diameter using an untamped external charge. 

Solution — Solve the problem presented as follows: 

P = D 2 
40 

P = {30) 2 = 900 = 22.50 or 23 pounds of TNT per tree 

40 40 

Concentrated external charge placement. To be most destructive, concen- 
trated charges should be rectangular, 1 to 2 inches thick, and about twice as 
wide as they are high. Place charges as close as possible to the surface of the 
timber (Figure 3-2). Notch the tree to hold the explosive in place. If the tree or 
timber is not round and the direction of fall is of no concern, place the explosive 




Figure 3 2. External timber-cutting charge 
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Figure 3-3. External cutting charge 

on rectangular timber 



on the widest face so that the cut will be through the 
least thickness. The tree wilt fall toward the side 
where the explosive is placed, unless influenced by 
lean or wind. Place charges on rectangular or square 
dressed timber as shown in Figure 3-3. 

Ring charge placement. The ring charge is a band of 
explosives completely circling the tree (Figure 3-4). 
The explosive band should be as wide as possible, at 
least V? inchthickfor small-diameter trees and 1 inch 
thick for medium- and large-diameter trees up to 30 
inches Use this technique when the direction of fall 
is not a consideration butthe elimination of stumps is 
important as in, for instance, explosive clearing for a 
helicopter landing zone. Calculate the amount of 
explosive used by the external charge formula found 
in Equation {2). 



IF ADHESIVE FACE OF 
EXPLOSIVE WILL NOT 
STICK TO TREE. WRAP 
TREE WITH TAPE 



LESS THAN 30IN DIAM 




Figure 3-4. Timber-cutting ring charge 
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Abatis 

When cutting trees and leaving them attached to the stumps to create an 
obstacle or abatis, use the formula 

P = or 

50 

P = 0.002 O 2 (3) 

to compute the amount of TNT required for the test shot. The result of the test 
shot will determine how much explosive is required for subsequent shots. 

Placement of abatis charges. Charges for making fallen-tree obstacles are 
placed as a concentrated external charge in the same way as for timber cutting 
with external charges except they are placed approximately 5 feet above ground 
level. The tree will fall toward the side where the explosive is placed unless 
influenced by lean or wind. 

. Special considerations. Observe the following rules to create an effective 
abatis: 

fl Make sure the obstacle is at least 75 meters deep. 

■ Make sure the individual trees are at least 24 inches in diameter. 

■ Space the row of trees selected for blasting far enough apart to let them fall 
without blocking other falling trees in the same row. 

■ Extend the felled trees at a 45-degree angle toward the enemy. 

■ Detonate the charges on the trees on one side of the road simultaneously. 
Follow the same procedure for trees on the opposite side of the road. 

■ Delay blasting of the second row of trees to allow time for the first row to fall 
so that the trees do not deflect one another from the desired direction of fall. 

■ To make obstacles harder to remove; mine, booby trap, entangle with barbed 
wire or concertina, and cover them by weapons fire. 

STEEL CUTTING CHARGES 



Important Factors 

In steel-cutting charges, the type, size, and placement of the explosive are 
important for success. Confinement or tamping of the charge is rarely practical 
or possible. Formulas for computing the size of the charge vary with the type of 
steel such as structural or high-carbon. Placement of the charge in direct 
contact with the target is more important with steel than other materials. 

Explosives used. Select steel-cutting charges for their cutting effect and 
adaptability to placement. Plastic explosive(C4) andsheet explosive (Ml 1 8) are 
best because they have great cutting power Plastic explosive (C4) can be cut and 
molded to fit tightly into the grooves and angles of the target, particularly 
structural steel, chains, and steel cables. The Ml 1 2 block(C4) is more adaptable 
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because its size and shape are best for most steel-cutting charges, and it can be 
used without cutting or reshaping. Also, the Ml 12 block adapts well to steel 
targets because of the adhesive compound on one face, which fixes it securely to 
the target. Sheet explosive(M1 1 8) r becauseof its width (3 inches), thickness(V 4 
inch), and adhesive, is more desirable for some steel targets than Ml 12 
demolition blocks. Trinitrotoluene, on the other hand, is adequate, generally 
available, and cast into blocks that can be readily assembled and fixed, but not 
molded to the target. 

Types of steel. Examples of structural steel are I-beams, wide-flange beams, 
channels, angle sections, structural tees, and steel plates used in building or 
bridge construction These are the types of steel usually present in demolition 
projects. 

Metal-working diesand rollsare made of high-carbon steel. Gears, shafts, tools, 
and plowshares usually are made of alloy steel Chains and cables are often 
made from alloy steel. However, some are made of a high-carbon steel. 

Cast iron is very brittle and breaks easily. Nickel-molybdenum steel cannot be 
cut easily by conventional steel-cutting charges. The jet from a shaped charge 
will penetrate it, but cutting will require multiple charges or a linear-shaped 
charge. Nickel-molybdenum steel shafts can be cut with the diamond charge in 
one shot. However, the saddle charge will not cut them. Therefore, nickel- 
molybdenum steel should be cut by some method other than explosives, such as 
thermite and acetylene or with electric cutting tools. 

Size of Charge 

Determinethe amount of charge by the type and size of thesteel and the kind of 
charge to be used. 

Formulas for block explosive charges. Use the formulas presented in Equations 
(4) and (5) when block explosives such as TNT are used to cut steel sections. 

Compute charges to cut I-beams, built-up girders, steel plates, columns, and 
other structural steel sections by using the following formula: 

P - 3 A or P = 0.375 A where, 

8 

P = pounds of TNT required per cut, 

A - cross-section area, in square inches, of the steel member to be cut, 
and 

3 •= 0.375 = constant. { 4 ) 

8 
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The following formula is recommended for the computation of block cutting 
charges for high-carbon or alloy steel, such as that found in machinery: 

P -- D 2 where, 

P - pounds of TNT per cut, and 

D - diameter or thickness, in inches, of section to be cut. (5) 

Use the following formula for round steel bars, such as concrete reinforcing 
rods, where the size makes charge placement difficult or impossible, and for 
chains, cables, and steel rods with a diameter of less than 2 inches: 

P - D where, 

P = pounds of TNT per cut, and 

D - diameter, in inches, of section to be cut. {6) 

Such steel, however, may be cut by the "rule of thumb" — 

* For round bars up to 1 inch in diameter, use 1 pound TNT. 

For round bars over 1 inch and lessthan 2 inches indiameter, use2 poundsof 
TNT. 

For round bars 2 inches and over in diameter, use the formula P - 3 /s A found 
in Equation {4). 

Another rule of thumb can be used when cutting railroad rail. The height of 
railroad rail is the critical dimension for calculating the amount of explosive 
required. Rails 5 inches or more in height can be cut with 1 pound of TNT. For 
rails less than 5 inches m height, V? pound of TNT is adequate. 

Problem— How much TNT is needed to cut one steel 
l-beam shown in Figure 3-5? 

Solution — The solution is given in the figure. 

CHARGE CALCULATION TNT 

P Vs A 

AREA OF FLANGE -2 x x 5 - 5 SQUARE INCHES 
AREA OF WEB a / H x 1 1 - 4Vs SQUARE INCHES 
TOTAL AREA |A) - 9 Vs SQUARE INCHES 

P Tb A 

P - Ve x 9 '/« 3 27 64 POUNDS of TNT 

USE 4 POUNDS OF TNT 



Figure 3 5. Calculation of charge to cut steel I-beam 
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Problem — How much TNT is needed to cut one steel 
chain in Figure 3-6? 

Solution — The solution is given in the figure. Notice 
that the link is to be cut in two places (onecut on each 
sideftocause complete failure. If the explosive is long 
enough to bridge both sides of the link, or large 
enough to fit snugly between the two links, use one 
charge. If the explosive is not long enough to bridge 
both sides, use two separately primed charges. 

A table can also be used to make calculations. Table 
3-1 shows the correct weight of TNT necessary to cut 
steel sections of various dimensions calculated from 
the formula P - 3 A given in Equation (4). 

8 



cut steel chain 

To use Table 3-1 , follow these steps; 

■ Separately measure the rectangular sections of the members. 

■ Find the corresponding charge for each section by using the table. 

■ Total the charges for the sections. 

Use the next larger dimension if the dimension of these sections does not 
appear in the table. 



P - D 

P - POUNDS OF TNT REQUIRED, AND 
D - DIAMETER IN INCHES OF STEELCHAIN 
TO BE CUT 
D - 1 INCH 

P = 1 POUND OF TNT, IF BLOCK WILL BRIDGE LINK; 
IF NOT, USE TWO BLOCKS-ONE ON EACH 





Figure 3 6 Calculation of charge to 



Table 3-1 . TNT needed to cut steel sections 



— — 

Average Pounds of explosive* for rectangular steel sections of given dimensions 

thickness 



of 

section, in Height of section, in 





2 


3 


4 1 


5 


6 


7 


i 

8 


: 9 


10 


1 1 


12 


14 


16 


18 


20 


22 


24 


'/* 


0.2 


0.3 


0.4 ! 


0.5 


0 6 


0.7 


08 




1.0 


1 1 


1.2 




1.5 


1.7 


1.9 


2.1 


2.3 




0.3 


0.5 


0.6 


0.7 

■ 


0.9 


1.1 


1.2 


HI 


1.4 


1.6 


1.7 




2.3 


2.6 


2.B 


3.1 


3.4 


V? 


0.4 


0.6 


0.8 


1 0 


1 .2 


1.4 


1 5 


Hi 


1.9 


2.1 


2.3 




3.0 


34 


3.8 


4 2 


4.5 


Va 


0.5 


0.7 


1.0 


1.2 


1 .4 


1.7 


1.9 


2.2 


2.4 


2.7 


2 9 




3.8 


4.3 


4.7 


5.2 


5.7 


Va 


0.6 


0.9 


1.2 


t .4 


1.7 


2.0 


2 3 


2.6 


28 ; 

*■ 


3.1 


3.4 


4.0 


4.5 




5.7 


6.3 


6 8 


7 /b 


0.7 


1.0 1 
1 


1.4 


1 7 


2 0 


2 4 


2.7 


3.0 


33 ; 


3.7 






5.3 




6.6 


7.3 


7 9 


1 


0.8 


1.2 


1.5 


1.9 


2.3 


2.7 


3.0 


3.4 


3.8 


EB 






6.0 




7.5 


8.3 


90 



*TNT 
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Problem — How much TNT must be used to cut a steel I-beam using the 
information given in Figure 3-5 on page 3-11? 

Solution — Solve the problem presented in Figure 3-5 as follows: 
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Charge for flanges — 

width = 5 inches 
thickness = V? inch 



Charge for web — 

height - 1 1 inches 
thickness = 3 /b inch 



Charge from table = 1 .0 pounds Charge from table = 1 .6 pounds 

Total Charge: 2 flanges = 2 x 1.0 = 2.0 pounds 

web = 1 x 1.6= 1.6 pounds 



2.0 

*■ 1.6 

Total = 3.6 pounds or, rounded up, 

4 pounds of TNT. 



Formulasfor plastic or sheet explosive charges. When using plastic explosive 
(Ml 1 2) charges or sheet explosive (Ml 1 8 or Ml 86| charges, which may be cut 
to fit the target with Jittle or no air gap, use the formulas given in Equations (7), 
(8), and (9) (based upon the best charge configuration and contact with the 
target). These charge calculations are based on the dimensions of the target. 
With some practice, these charges may be calculated, prepared, and placed in 
less time than the charges calculated by the formulas listed for block explosive 
charges These charges may also be prepared in advance for transportation to 
thesite by wrapping them in aluminum foil or heavy paper. Remove the wrapper 
when the charge is attached to the target. When preparing these charges, do not 
moldthe explosive, butcut it tothe proper dimension. Molding theexplosive will 
reduce its density and decrease its effectiveness. 



If properly calculated and placed, the ribbon charge 
method cuts steel with less explosive than standard 
charges. It is effective on noncircular steel targets up 
to 3 inches thick(Figure3-7). Although this charge is 
based on the use of C4 plastic explosive, use sheet 
explosives provided the Vi inch by 3 inch by 1 2 inch 
sheets of flexible explosives are used intact and 
complete charges are at least V? inch thick. 



FUZE LIGHTER 






■f 
.1 
* V 




WIDTH OF CHARGE = THICKNESS OF CHARGE = 

3 TIMES THICKNESS */ 2 THICKNESS OF TARGET OR 
OF CHARGE MINIMUM OF Vi IN THICK 



BLASTING CAP 






PRtMED AT CENTER 

\ 



TIME FUSE 



LENGTH OF CHARGE 
LENGTH OF TARGET 



Figure 3 7. Ribbon charge 
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The effectiveness of the explosive depends on the width and thickness of the 
explosive. The thickness of the charge is half the thickness of the steel; however. 
THE CHARGE MUST BE AT LEAST Vs INCH THICK. The width of the charge is 
three times the thickness of the charge. The length of the charge should equal 
the length of the desired cut. Thus the formula is as follows: 

Charge thickness = Vs times steeJ thickness 

Charge width = 3 times the charge thickness 

Charge length = length of desired cut ( 7 ) 

Problem — Determine the thickness and width of a ribbon charge for cutting a 
steel plate 1 inch thick and 12 inches long. 

Solution — The answer to the problem presented is as follows: 

Charge thickness = Vs (1 ) = Vs inch 

Charge width = 3 {Vs) = 3 = 1 Vs inches 

2 

Charge length = length of target 



= 1 2 inches 

The charge is Vs inch thick. IV! ? inches wide, and 12 inches long. 

Detonate the ribbon charge from the center or from either end. When the charge 
thickness is small {less than 3 A inch), it maybe necesary to place extra explosives 
around or over the blasting cap. 



Use the ribbon charge computed by the formula in Equation (7) to cut structural 
steel sections {Figure 3-8). On wide-flange beams or J-beams less than 2 inches 



A BEAMS LESS THAN 2 IN THICK 



C-SHAPED CHARGE TO CUT 
WEB AND HALF OF TOP AND 
BOTTOM FLANGES 




B. BEAMS 2 IN THICK OR MORE 




OFFSET FLANGE CHARGE SO 
ONE EDGE IS OPPOSITE 
AN EDGE OF THE C SHAPED 
CHARGE 



C. PRIMING 



DETONATE 
FROM CENTER 




DETONATE FROM 
OUTER EDGE 



DETONATING CORO PRIMERS 
MUST BE OF EQUAL LENGTH 



Figure 3-8. Placement of ribbon charges on structural steel sections 
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of steel thickness, place a C-shaped charge on one side to cut the web and half 
the top and bottom flanges. The other sides of these flanges are cut by two offset 
ribbon charges placed so that one edge is opposite the center of the C-shaped 
charge as shown in Figure 3-8. 

For bea ms with steel thickness of 2 inches and over, place the offset charges so 
one edge is opposite the edge of the C shaped charge as shown in Figure 3-8 
For acceptable results, the charges must be detonated at the same instant. This 
is done by priming the charges with three exactly equal lengths of detonating 
cords with blasting caps attached and placed in the charges as shown in Figure 
3-8. Initiate the detonating cord primer by an electric or nonelectric system. 
Simultaneous detonation can also be done with M6 electric blastingcaps wired 
in a series in the same circuit. 

Use the cross-fracture method, which employs a saddle charge, tocut mild steel 
bars. This steel-cutting method uses the destructive effect of the end split or 
cross fracture formed in steel at the end of a charge, opposite the end where 
detonation was started. Use this technique on round, square, or rectangular 
mild steel bars up to8 inches square or 8 inches indiameter. The cross-fracture 
method uses a charge cut in the shape of a triangle. This gives it the name saddle 

charge (Figure 3-9). 



Compute the dimensionsof the saddle charge from 
thedimensions of the target with the formula 
that follows; 



Thickness of charge = 1 inch (thickness of IVM 1 2 
block of plastic explosive) 

Base of charge = V: circumference (or perimeter) 
of the target 

Long axis of charge - circumference (or perimeter) 
of the target (8) 

Problem — Using the formula given, determine the 
dimensions of a charge for cutting a shaft 1 8 inches 
in circumference 

Solution— Solve the problem presented as follows; 
Thickness = 1 inch 

Base = !6 x 18 - 9 inches 



Long axis = 18 inches 



(THICKNESS OF 
M 1 1 2 (C4| BLOCK! 




END VIEW 




CIRCUMFERENCE OFTARGET 

SIDE VIEW 



DETONATION AT APEX 



OF LONG AXIS 




BASE - Vi CIRCUMFERENCE 
OFTARGET 

TOP VIEW 



The charge is 9 inches at the base, 18 inches at the 
long axis, and 1 inch thick. 



Figure 3-9. Saddle charge 
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Detonate the saddle charge by placing a military electric or nonelectric blasting 
cap at the apex of the long axis. 

The long axis of the saddle charge should be parallel with the long axis of the 
target Cut the charge to the correct shape and dimensions, and then mold it 
around the target. Take care to ensure that the charge is flush with the target. 
This can be done by taping the charge to the target. 

The stress-wave method, which uses a diamond-shaped charge , is a steel- 
cutting technique that employs the destructive effect of two colliding shock 
waves. The shock waves are created from an explosive charge simultaneously 
detonated at opposite ends (Figure 3-10). Use this technique on high-carbon 
steel or steel-alloy bars up to 8 inches in diameter or square in cross section 

Usethe following formula to compute the dimensions 

of the diamond charge from the dimensions of the 
target: 

Thickness of charge = 1 inch (thickness of Ml 12 
block). 

Long axis of charge = circumference (or perimeter) of 
target 

Short axis of charge = V? the circumference (or 
perimeter) of the target. ( 9 ) 

Problem — Using the formula given, determine the 
size of a charge for cutting a steel-alloy shaft 
15 inches in circumference. 

Solution — Solve the problem presented as follows: 
Thickness = 1 inch 

Long axis = 15 inches 
Short axis = V? x 15 = 7 Vs inches 

The charge is 1 5 inches at the long axis, 7 1 /? inches at 
the short axis, and 1 inch thick. 

Detonate a diamond charge simultaneously from both shortaxis ends. This can 

be done by priming with two pieces of detonating cord of the same length with 

nonelectric blasting caps crimped to the ends. Detonate the detonating cord 

primers with an electric or nonelectric blasting cap. Simultaneous detonation 

can also be done with M6 electric blasting caps wired in a series in the same 
circuit. 

Wrap the explosive completely around the target so the ends of the long axis 

touch. It may be necessary to slightly increase the dimensions of the charge to 

do this. Tape the charge to the target if necessary to ensure complete contact 
with the target. 



POINTS OF DETONATION 




/ 
A 
I \ 



r 

\ 



(L 




V 






Ji V THICKNESS 1 IN 
EXPLOSIVE Ml 12 (C4) BLOCK 



END VIEW 

SHORT AXIS '/2 
CIRCUMFERENCE 



POINTS OF 
DETONATION 



ELECTRIC OR 

NONELECTRIC 

SYSTEM 
\ 




T 



LONG AXIS 
EQUAL 
/ TO 

CIRCUMFERENCE 

t 

BRITISH 
JUNCTION 



Figure 3-10. Diamond charge 
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Charge Placement 

Steel sections. The size and type of a steel section will determine the placement 
of the explosive charge. Cut extended sections by placing the explosive on one 
side of the section completely along the proposed line of rupture. In some steel 
trusses with individual members fabricated from two or more primary sections 
(such as angle irons or bars separated by spacer washers or gusset plates}, place 
the charge with its opposing portions offset the same distance as the thickness 
of the section being cut to produce a shearing action. Heavier I-beams, wide- 
flange beams, and columns can also require auxiliary charges placed on the 
outside of the flanges. Ensure that opposing charges are never directly opposite 
each other because this tends to neutralize the explosive effect 

Rods, chains, and cables. Block explosives are not recommended for cutting 
steel rods, chains, and cables if plastic explosives are available. 



Steel members and railroad rails. Charge placements for cutting these are 
found in Figure 3-1 1 . 





CHARGE SPLIT AND 
PLACED ON TWO SIDES 



Figure 3-1 1 . Placement of charges on steel members 



Built-up members. Built-up members frequently have an irregular shape, 
making it difficult to obtain close contact between the explosive charge andail of 
the surface. If it is impractical to distribute the charge properly to obtain close 
contact, increase the amount of explosive. 

Irregular steel shapes. Composition C4 is a good explosive for cutting irregular 
steel shapes because it is easily molded or pressed into place to give maximum 
contact The Ml 12 block and the Ml 18 sheet explosive have an adhesive 
coating on one side, making placement easier. 

Security of placement. Tie, tape, and wedge all explosives (except adhesive 
types) in place unless they rest on horizontal surfaces and are not in danger of 
being jarred out of place. 

Precautions. Place the steel -cutting charge on the same side as the firing party 
because explosive charges throw steel fragments (missiles) long distances at 
high velocities. 



3-17 



BREACHING CHARGES 



Critical Factors and Computation 

Use breaching charges to destroy concrete slab bridges, bridge beams, bridge 
piers, bridge abutments, and permanent field fortifications The size, shape, 
placement and tamping or confinement of the breaching charges are critical 
factors. The size and confinement of the explosive are more important because 
of thestrengthand bulkof the material to be breached. High explosive breaching 
charges detonated in or against a target must produce and transmit enough 
energy tothetarget to craterand spali the material. The metal reinforcing bars in 
reinforced concrete cannot be cut by breaching charges. If it is necessary to 
remove or cut the reinforcement, use the steel-cutting formula given in 
Equation (4) after the concrete is breached. 

Calculation formula. Calculatethesizeof a charge required to breach concrete, 
masonry, rock, or similar material by using the formula that follows. Determine 
the charge size, for any explosive, by adjusting the value of P. 

P = R 3 KC where, 

P = pounds of TNT required, 

R = breaching radius {in feet), 

K = material factor, given in Table 3-2, which reflects the strength, 
hardness, and mass of the material to be demolished, and 

C = a tamping factor, given in Figure3-1 2, which depends on the location 
and tamping of the charge. (10) 

Breaching radius R. The breaching radius R is the distance in feet from an 
explosive in which all material is displaced or destroyed. The breaching radius 
for external charges is the thickness of the mass to be breached The breaching 
radiusfor internal charges isone half the thickness of the mass to be breached if 
the charge is placed midway in the mass. If holes are drilled less than halfway 
into the mass, the breaching radius becomes the longer distance from the center 
of the charge to the outside of the mass. For example, if a 4-foot wall is to be 
breached by an internal charge placed 1 foot into the wall, the breaching radius 
is 3 feet. If it is to be breached by a centered internal charge, the breaching 
radius is 2 feet. The breaching radius is 4 feet if an external charge is used. 
Values of R are rounded to the next higher V 2 foot for external charges and next 
higher Vi foot for internal charges. 

Material factor K. The/C factor isthe strength and hardnessofthe material tobe 

breached. Table 3-2 gives values for the K factor for various types and 

thicknesses of material. If the type of material in the object is questionable, it is 

always assumed to be the stronger type Concrete is assumed to be reinforced 

unless stated otherwise Masonry is assumed to be first-class unless stated 
otherwise. 
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Table 3-2. Values of K (material factor) for breaching charges 




Poor masonry, shale, hardpan, good limber 



Less than 1.5 m (5 ft) 



and earth construction 1 


1 .5 m (5 ft) or more | 


0.29 


Good masonry, concrete block, rock i 


.3 m (1 ft) or less 


0 88 


t 


over .3 m (1 ft) to less 


0 48 




than .9 m (3 ft) 






.9 m (3 ft) to less than 


0.40 




1.5 m (5 ft} 






1 .5 m (5 ft} to less than 


0 32 




2.1 m (7 ft) 






2.1 m (7 ft} or more 


0.27 


Dense concrete, first-class masonry 


.3 m (1 ft) or less 


114 




over .3 m (1 ft) to less 


0.62 




than .9 m {3 ft} 






.9 m (3 ft) to less than 


052 




1.5 m (5 ft) 






1.5m|5 ft) to less than 


041 




2.1 m (7 ft) 






2.1 m (7 ft) or more 


035 


Reinforced concrete (concrete only; will 


.3 m {1 ft} or less 


1.76 


not cut reinforcing steel) 


over 3m(1 ft) to less 


0.96 




than .9 m (3 ft) 






.9 m (3 ft) to less than 


0 80 




1 5 m <5 ft) 






1 5 m (5 ft) to less than 


0.63 




2.1 m (7 ft) 






2 1 m (7 ft) or more 


0.54 



0 32 



Tamping factor C. The value of the tamping factor C depends on the location 
and the tamping of the charge. Figure 3-12 illustrates methods for placing 
charges and gives values of C to be used in the breaching formula with both 
tamped and untamped charges. In selecting a valueof C from Figure 3-1 2, do not 
consider a tamped charge with a solid material (such as sand or earth) fully 
tamped unless it is covered to a depth equal to or greater than the breaching 
radius. 



placed IN 

CENTER OF 
MASS 



TAMPED OR 

STEMMED 

FILL 



DEEP 
WATER 



ELEVATED 



SHALLOW 




GROUND PLACED 




Figure 3-12. Values of C, the tamping factor, for breaching charges 
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Breach of reinforced-concrete target. Figure 3-13 gives the amount of TNT 
required to breach reinforced-concrete targets. The amounts of TNT in the 
matrix are calcuJated from the formula P ~ R 3 KC, found in Equation (10). To use 
the figure, perform the following steps: 

■ Measure the thickness of the concrete. 

■ Decide how the charge will be placed against the target. 

Compare the method of placement with the diagrams at the top of the figure If 
there is a question of which column to use, always use the column that lists the 
greatest amount of explosive. 

■ Use the relative effectiveness (REJ factor highlighted in Table 1 2 on page 1 -8 
for explosives other than TNT. 

For example, using Figure 3-1 3, calculate the amount of TNT required to breach 
a reinforced-concrete wall 7 feet thick with an untamped charge placed at a 
distance 7 feet above the ground. From the figure, the required amount of TNT is 
334 pounds. 

Breach of materials other than reinforced concrete. Figure 3 13 can also be 

used to calculate breaching charges for obstacles of material other than 
reinforced concrete by multiplying the value obtained from Figure 3-13 by the 
proper conversion factor given in Table 3 3. Perform the following steps: 

■ Determine the type of material in the object. If in doubt, assume the material 
to be of the stronger type. 

■ Determine the amount of explosive that would be required if the object were 
made of reinforced concrete using Figure 3-13. 

■ Determine the appropriate conversion factor using Table 3-3 

■ Multiply the number of pounds of explosive by the conversion factor. 

For example, using Figure 3-13 and Table 3 3, determine the amount of TNT 
required to breach an ordinary masonry pier 4V? feet thick with an untamped 
charge placed 4 feet below the waterline. If the pier were made of reinforced 
concrete, use Figure 3 13 to determine that 146 pounds of TNT would be 
required to breach it. The conversion factor, found in Table 3-3, is 0.5. Therefore, 
the equation should read 146 multiplied by 0.5 equals 73. The answer for the 
amount of TNT required to breach the pier is 73 pounds. 

Number of Charges and Placement 

Placement. In the demolition of piers and walls, the positions for the placement 
of explosive charges are limited. Unless a demolition chamber isavailable, place 
the charge (or charges) agamst one face of the target. A charge placed above 
ground level is more effective than one placed directly on the ground. When 
several charges are required to destroy a pier, slab, or wall, and elevated charges 
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are desired, they are distributed equally at no less than one breaching radius 
high from the base of the object to be demolished. In this way, the best use is 
made of the shock wave of the blast. Place breaching charges so that there is a 
free reflection surface on the opposite side of the target. This free reflection 
surface is necessary for spalling to occur. If time permits, tamp all charges 
thoroughly with damp soil or filled sandbags. Tamping must be equal to or 



Thickness 

of 

concrete 



METHODS OF PLACEMENT 






C 1.0 




C-1.8 




02.0 




C=3-6 



Feet 


AM explosives 


Pounds of TNT 


2 


2 


8 


14 


16 


28 


2'/; 


2 


15 


27 


30 


54 


3 


4 


22 


39 


44 


78 


3 '/j 


6 


35 


62 


69 


124 


4 


8 


52 


93 


103 


165 


4Vr 


1 1 


73 


132 


146 


263 


b 


15 


79 


142 


158 


284 


5 v. 


20 


105 


189 


210 


378 


6 ; 


22 


136 


?45 


273 


490 


6 VI- 


28 


173 


312 


346 


623 


7 


35 


186 


334 


371 


667 


7 V? 


43 


228 


410 


456 


821 


8 


52 


277 


498 


553 


996 



Use the matrix above to — 

■ Measure thickness of concrete 

■ Determine method of placement 

■ Note TNT required according to method of placemen! 

■ If using explosive other than TNT. divide by relative effectiveness {RE) factor 
for all methods of emplacement except internal. 



Figure 3-13. Breaching charges for reinforced concrete 



Table 3-3. Conversion factors for material other than reinforced concrete 



* 

* 


Ordinary masonry, hardpam shale., ordinary concrete. 


Dense concrete. 


Earth I 


rock, good timber and earth construction 


first-class masonry 


0.1 I 

4 


0.5 


0.7 
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greater than the breaching radius. For piers, slabs, or walls partially submerged 
in water, place charges equal to or greater than the breaching radius below the 
waterline if possible {Figure 3 1 2 on page 3-19). 

Charge configuration. For maximum effectiveness, place the explosive charge 
in the shape of a flat square with the flat side to the target. The thickness of the 
charge depends on the amount of explosive, and is given in Table 3 4. 



Table 3-4. Thickness of breaching charge* 



Amount of explosive 


Thickness of charge 


Less than 5 lb 


1 in 


5 lb lo less than 40 lb 


2 in 


40 lb to less than 300 lb 


4 in 


300 lb or more j 

-J 


8 in 



These are approximate values. 



Number of charges. The number of charges required to demolish a pier, slab, or 
waJI is calculated by the following formula: 

N - W where, 

2 R 

N - number of charges, 

W- width of pier, slab, or wall, in feet, 

R = breaching radius (in feet) 

2 = constant 

If the calculated value of /V is 0 to less than 1 Vi, use one charge; if it is 1 Vi to less 
than 2!/?, use two charges; if it is 216 or more, round to nearest whole number. In 
breaching concrete beam bridges, breach each beam individually. The first 
charge is placed R distance iri from one side of the target. The remainder of the 
charges are spaced at a distance of 2R apart. 

Counterforce Charge 

Use of counterforce charge. This special breaching technique is effective 
against comparatively small cubical or columnar concrete and masonry objects 
4 feet or less in thickness and width, it is not effective against walls, piers, or 
long obstacles. The obstacle must aiso have at least three free faces or be 
freestanding. If constructed of plastic explosives, properly placed and detonated, 
counterforce charges produce excellent results with a relatively small amount of 
explosive. Their effectiveness results from the simultaneous detonation of two 
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charges placed directly opposite each other and as near the center of the target 
as possible (Figure 3-14). 

Charge calculation. Compute the amount of plastic explosive based on the 
diameter or thickness of the target in feet. The amount of plastic explosive 
equals IV2 times the thickness of the target in feet (1 Vz pounds of explosive per 
foot). Round fractional measurements to the next higher Vz foot before 
multiplying. For example, a concrete target measuring 3 feet 9 inches thick 
requires 6 pounds (1 V ? x 4) of plastic explosive (Composition C4>. 

Preparation and emplacement of charges. Divide the amount of plastic 
explosive in half to make two equal charges. Place the two charges directly 
opposite each other. This method requires accessibility to both sides of the 
target so the charges can be placed flush against the respective target sides. 



CHARGE 



detonating 

CORD 

[LENGTHS OF CORD 
MUST BE EQUAL) 



DETONATING CORD 




BLASTING 
CAP 



BLASTING MACHINE M32 



BRITISH 

JUNCTION 



Figure 3-14. Counterforce charge 

Priming. The simultaneous detonation of both charges is required for the best 
results. Crimp nonelectric blasting capstoequal lengths of the detonating cord. 
Prime both charges atthe center rear point. Then, form a V with thefree endsof 
the detonating cord, and attach an electric or nonelectric cap for firing. 
Simultaneous detonation can also be done with M6 electric blasting caps wired 
in series in the same circuit. 

CRATERING AND DITCHING CHARGES 

Critical Factors 

Sizes. To be effective obstacles, road craters must be too wide for spanning by 
track-laying vehicles and too deep and steep-sided for any vehicle to pass 
through them. Blasted road craters will not stop modern tanks indefinitely 
Repeated attempts by the tank to traverse the crater will pull loose soil from the 
slopes of the crater into the bottom, reducing both the depth of the crater andthe 
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angle of the slopes. Road craters are effective antitank obstacles if the tank 
requires three or more passes to traverse the crater, thereby providing enough 
time for antitank weapons to stop the tank Road craters must also be large 
enough to tie into natural or constructed obstacles at each end Improve the 
effectiveness of blasted road craters by placing log hurdles on either side, 
digging the face on the friendly side vertically, miningthe site with antitank and 
antipersonnel mines, filling the crater with water, or other means that will delay 
enemy armor. Road craters in defiles or road cuts where the enemy tank must 
approachthe crater head on shouldbecut at a45-degreeangleacrossthegapto 

enhance the tank's tendency to slip sideways and ride off its track when trying to 
negotiate an angled cut. 

Explosives. All military explosives can be used for blasting antitank craters. Use 

a special 40-pound cratering charge of ammonium nitrate issued in a waterproof 
metal container, when available 

Placement of charges. In deliberatecratering, bore holes to specific depths and 
space according tocomputation by the formula, as described in Equationfl 2). In 
ditching, make test shots and increase the diameter and depth as required. 

Confinement of charges. Place charges at cratering sites and antitank sites in 

boreholes and properly stem them. Tamp the charges at culvert sites with 
sandbags. 

Breach of hard-surfaced pavements for cratering charges. Breach hard- 
surfaced pavement of roads and airfields so holes can be dug for cratering 
charges. This can be done effectively by exploding tamped charges on the 
pavement surface. Use a 1 -pound charge of explosive for each 2 inches of 
pavement thickness. Tamp the charges with material twice as thick as the 
pavement. The pavement can also be breached by charges placed in boreholes 
drilled or blasted through it. (A shaped charge readily blasts a small-diameter 
borehole through the pavement and into the subgrade ) Do not breach concrete 
at an expansion joint because the concrete will shatter irregularly. 

Boreholes for cratering charges. Dig boreholes for cratering charges by using 

motorized posthole augers or hand posthole augers or diggers Make boreholes 

by using the earth rod kit. Chapter 1 , Explosive Earth Rod Kit, or a mechanically 

driven pin and widen with the detonating cord wick. Chapter 3, Springing 
Charges. 

Boreholes made with shaped charges. Use standard shaped charges to blast 
boreholes in paved and unpaved surfaces for rapid road-cratering with 
explosives. The 1 5-pound M2A3 and the M2A4 shaped charges detonated at a 
3 Vi -foot standoff and the 40-pound M3A1 shaped charge detonated at a 5-foot 
standoff will blast boreholes uptoS feet deepwith a 7-inch or larger diameter in 
both reinforced-concrete pavements and gravel-surfaced roads. For maximum 
effectiveness, use M3A1 shaped charges to blast boreholes in thick reinforced- 
concrete pavements laid on dense high-strength base courses. Use the M2A3 



3-24 




FM 5-25 



and the M2A4 shaped charges to effectively blast cratering charge boreholes in 
reinforced-concrete pavement of less than 6-inch thickness laid on thin base 
courses or to blast boreholes in unpaved roads. Most military explosives, 
including the cratering charges, can be loaded directly into boreholes made by 
the M3A1, M2A3, and the M2A4 shaped charges. Shaped charges do not 
always produce open boreholesthatcan be loaded directly with 7-inch-diameter 
cratering charges without removing some earth or widening narrow areas. 
Widen deep boreholes with narrow diameters by knocking materia! from the 
constricted areas with a pole or rod or by breaking off the shattered surface 
concrete with a pick or crowbar. For road cratering on asphalt or concrete- 
surfaced roadways, blasting the boreholes with shaped charges will speed up 
the cratering task by eliminating the need to breach the pavement first with 
explosive charges (Table 3-5). 



Table 3-5. Size of boreholes made by shaped charges 



Material 



Armor plate 



Reinforced concrete 



10-in concrete pave 
ment with 21 - in 
rock base course 



3-in concrete pave- 
ment with 24-in 
rock base course 



Permafrost 



Ice 



Soil 



Graveled roads 



Penetration 

Average diameter of hole 

Maximum wall thickness that can be perforated 
Depth of penetration in thick walls 
Average diameter of hole 
Minimum diameter of hole 



Optimum standoff 
Minimum depth of penetration 
Maximum depth of penetration 
Minimum diameter of hole 



Optimum standoff 
Minimum depth of penetration 
Maximum depth of penetration 
Minimum diameter of hole 



Depth of hole with 30-in standoff 
Depth of hole with 42 -in standoff 
Diameter of hole with 30-in standoff 
Depth of hole with 50-in standoff 
Diameter of hole with 50- in standoff 
Diameter of hole with normal standoff 

Depth with 42-in standoff 
Diameter with 42- in standoff 

Depth with 30- in standoff 
Diameter with 30-in standoff 
Depth with 48-in standoff 
Diameter with 48-in standoff 



Depth with 40-in standoff 
Diameter with 40-in standoff 
Depth with 60-in standoff 
Diameter with 60-in standoff 



M2A3/M2A4 
shaped charge 
15 lb 



12 in 
Vh in 



42 in 
38 in 
90 in 
3% in 



72 in 
60 in 

1 /) in to 6 in 



4 in to 26-30 in 

7 ft 
3% in 



M3A1 shaped 
charge 
40 lb 

At least 20 in 
2 Vi in 



60 in 
71 in 
109 in 
6 3 4 in 



72 in 

5 in to 8 in 
7 in to 26-30 in 



7 ft 

14'/? in 
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Hasty Road Crater 

Effects of the hasty road crater. This method takes the least amount of time for 
construction, based upon the number and the depth of boreholes, but produces 
the least effective barrier because of its depth and shape (Figure 3-15). The 
method described forms a V-shaped crater about 6 to 7 feet deep and 20 to 
25 feet wide, extending approximately 8 feet beyond each end borehole. The 
sides have slopes of 25 to 35 degrees. Modern US combat tanks require an 
average of four passes to cross hasty road craters. Craters formed by boreholes 
Jess than 5 feet deep and loaded with charges less than 50 pounds are useless 
against tanks. A satisfactory method of creating a hasty road crater follows: 

■ Dig all boreholes to the same depth (recommend at least 5 feet). Space the 
holes 5 feet apart center-to-center across the road. 

Use the following formula to compute the number of holes: 

N - ^--16 + 1, where, 

5 

L = length of crater (in feet) measured across the area to be cut. Round up 
any fractional numberof holestothe next higher number. (12) 

■ Load the boreholes with 1 0 pounds of explosive per foot of depth. 

* Prime all charges with detonating cord, and connect them to fire simul- 
taneously. Prime underground charges with detonating cord branch lines. 
Use a dual firing system. 

■ Stem all boreholes with suitable material. 

Dual priming the charge. Place a 1 -pound priming charge on the side of the 
charge for dual priming if the standard cratering charge is used. Supplement 
each charge with additional explosive to obtain 10 pounds of explosive per foot 
of borehole for hasty cratering if standard cratering charges are used. 




NOTE: P not to emplacement, inspect each cralermg charge 
carefully for possible water damage. 

Figure 3-15 Charge placement for hasty road crater 
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Deliberate Road Crater 

Effects of deliberate road crater. This method, shown in Figure 3-1 6, produces 
more effective roadcraters thanthe hasty method Modern UStanksmust make 
an average of eight passes to cross them. The crater produced is V-shaped, 
approxi mately 7 to 8 feet deep, 25 to 30 feet wide, with side slopes approximately 
30 to 37 degrees. The crater extends approximately 8 feet beyond the end holes. 

Charges are placed by boring the holes 5 feet apart, center-to-center, in a line 
across the area to be cut The end holes are 7 feet deep, and the others 
are alternately 5 feet and 7 feet deep. Compute the number of holes using 
Equation (1 2). Do not place two 5-foot holes nextto each other. If one must be a 
5-foot hole, place the resulting two adjacent 7-foot holes close to the middle 

along the line. 

Place 80 pounds of explosive in the 7-foot holes and 40 pounds of explosive in 
the 5-foot holes. Stem all holes with suitable material. 

Prime charges for deliberate cratering. Prime the charges for deliberate 
cratering by dual priming all holes. For the 7-foot holes, this can be done by 
independently priming each of thetwocratering charges, if used. For the 5-foot 
holes, place a 1 -pound priming chargeon the sideof the chargefor dual priming 
if the standard cratering charge is used. 




CRATER 
APPROX 
B FT 
DEEP 



/ 



Figure 3-16. Charge placement for deliberate road crater 
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Relieved Face Road Crater 

Effects of relieved face road crater. This method, shown in Figure 3-17, 
produces road craters that are more effective obstacles to modern tanks than the 
standard V-shaped craters. This technique produces a trapezoidal shaped 
crater about 7 to 8 feet deep and 25 to 30 feet wide with unequal side slopes. In 
compact soil, such as clay, the relieved face cratering method will create an 
obstacle such as the one illustrated in Figure 3- 1 7. The side nearest the enemy 
slopes is approximately 25 degrees from the road surface to the bottom. The 
opposite or friendly side slopes are approximately 30 to 40 degrees from the road 



ENEMY SIDE 8FT ' FRIENDLY SIDE INSTANTANEOUS 




NOTE: Dual priming recommended 



Figure 3-17. Relieved face cratering 

surface to the bottom. However, the exact shape of the crater depends on the 

type of soil involved. To create a relieved face road crater, use the procedures as 
follows: 

■ On dirt or gravel-surfaced roads, drill two rows of boreholes 8 feet apart, 
spacing the boreholes on 7 -foot centers. On hard-surfaced roads, drill the two 
rows 12 feet apart. Use the following formula to compute the number of 
charges for the friendly-side row: 

N - L - 10 + 1, where, 

7 

L - length of crater (in feet) measured across the width of the area to be 

cut. Round up any fractional number of holes to the next 
higher number. ( 13 ) 

Stagger the boreholes in the row on the enemy side in relationship to the 
other row, as shown in Figure 3-17. This row will always contain one less 
borehole than the friendly row 



3-28 




FM 5-25 



■ Make the boreholes on the friendly side 5 feet deep, and load them with 40 
pounds of explosive. Make those on the enemy side 4 feet deep, and load 
them with 30 pounds of explosive 

■ Primethe charges in each row separately for simultaneous detonation. There 
should be a delay of detonation of V? to 1 V? seconds between rows. Detonate 
the row on the enemy side first. Fire the friendly row of charges while the 
earth from the enemy side in the first detonation is still in the air. Use 
standard delay caps for delay detonation. Remember to still dual prime both 
rows. 

If the firings cannot be staggered, acceptable results can be obtained by firing 
both rows simultaneously. However, the resulting crater will not have thesame 
depth and trapezoidal shape as a relieved face road crater 

Prevention of misfires. To prevent misfires from the shock and blast of the row 
of charges on the enemy side (detonated first), protect the detonating cord ring 
mains and branch lines of the row on the friendly side (detonated last) by a 
- covering of approximately 6 inches of earth. 

Craters in Permafrost and Ice 

Methods to blast permafrost. Permafrost can be as hard as solid rock. 
Therefore, procedures for blasting or cratering must be adapted to the 
permafrost condition. 

In permafrost, blasting requires approximately I 1 /? to 2 times the number of 
boreholes and larger charges than those used in standard cratering formulas for 
moderate climates. Blasted frozen soil breaks into clods 1 2 to 1 8 inches thick 
and 6 to 8 feet in diameter. Because the charge has insufficient force to blow 
these clods clear of the hole, they fall back into it when the blast subsides. 
Conduct testing to determine the number of boreholes needed before extensive 
blasting is attempted. 

Boreholes are made by standard drilling equipment, steam point drilling 
equipment, or shaped charges. Standard drilling equipment has one serious 
defect— the air holes in the drill bits freeze, and there is no known method to 
prevent this. Steam point drilling is satisfactory in sand, silt, or clay, but not in 
gravel. Place charges immediately upon withdrawal of the steam point; 
otherwise, the area aroundthe hole thaws andplugs it. Shapedchargesarealso 
satisfactory for producing boreholes, especially for cratering. Table 3-5 on page 
3-25 shows the size of boreholes in permafrost and ice made by M3A1 , M2A3, 
or M2A4 shaped charges. 

If available, use a low-velocity explosive such as ammonium nitrate for blasting 
holes in arctic temperatures. The heaving quality of low velocity explosives will 
aid in clearing the hole of large boulders. If only high-velocity explosives are 
available, tamp charges with water and permit them to freeze Unless high- 
velocity explosives are thoroughly tamped, they tend to blow out of the borehoie. 
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Methods to blast ice. Access holes are required for water supply and 
determining the thickness of ice to compute safe bearing pressures for aircraft 
and vehicles. Because ice carries much winter traffic, its bearing capacity must 
be ascertained rapidly when forward movements are required Make small- 
diameter access holes by shaped charges. On solid lake ice, the M2A4 
penetrates 7 feet, and the M3A1 penetrates 1 2 feet. 

These charges can penetrate farther, but the penetration distances were tested 

only in ice approximately 1 2 feetthick. If the regular standoff distance is used, a 

large crater forms at the top and requires considerable probing to find the 

borehole. If a standoff of 42 inches or more is used with the M2A4 shaped 

charge, a clean hole without a top crater is formed Holes made by the M2A4 

average 3Vs inches in diameter. Those made by the M3A1 average 6 inches in 
diameter. 

In late winter after the ice has aged, it grows weaker and changes color from 
blue to white. Although the structure of ice varies and its strength depends on 
age, air temperature, and conditions of the original formation, the same type of 
crater is formed regardless of the standoff distance. If the lake or river is not 
frozen to the bottom and there is a foot or more of water u nder the ice, the water 
will rise to within 6 inches of the top after the hole is blown, carrying shattered 
ice particles with it. This makes the hole easy to clean. If the lake isfrozento the 
bottom, the blown hole will fill with shattered ice, and clearing will be extremely 
difficult. Under someconditions, shaped charges penetrate to a depth much less 
than that indicated in Table 3 5 on page 3-25. 

Surface craters can be made with ammonium nitrate cratering charges or 
demolition blocks. For the best effects, place the charges on the surface of 
cleared ice and tamp on top with snow Consider the tendency of ice to shatter 
more readily than soil when charges are computed. 

Underwater charges. Place underwater charges by first making boreholes in 

the ice with shaped charges, and then placing the charge below the ice An 

80-pound charge of Ml 12 demolition blocks under ice 4 V? feet thick forms a 

crater 40 feet in diameter. This crater, however, is filled with floating ice 

particles and at temperatures around 20 degrees Fahrenheit freezes over in 40 
minutes. 

Vehicle obstacles. Crater a vehicle obstacle in ice by sinking boreholes 9 feet 
apart in staggered rows. Suspend the charges of tetrytol or plastic about 2 feet 
below the bottom of the ice by means of cord tied to sticks bridging the top of the 
holes. The size of the charge depends on the thickness of the ice. An obstacle like 
this can retard or halt enemy vehicles for approximately 24 hours at 
temperatures around -24 degrees Fahrenheit. 
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Craters at Culverts 

A charge detonated to destroy a culvert not more than 1 5 feet deep may produce 
an effective road crater at the same time. Prime explosive charges for 
simultaneous firing, and thoroughly tamp with sandbags. Destroy culverts with 
5 feet or less of fill by placing explosive charges the same way as in hasty road 
cratering. Place concentrated charges, equal to 10 pounds per foot of depth, in 
boreholes at 5-foot intervals in the fill above and alongside the culvert. 

Craters for Antitank Ditches 

Construction. In open country, antitank ditches strengthen prepared defensive 
positions. Because antitank ditches are costly in time and effort, much can be 
gained if the excavation is made by means of cratering charges To be effective, 
an antitankditch must be wideenough to stop an enemytank. Itcan be improved 
by placing a log hurdle on the enemy side and the spoil on the friendly side 
Improve the ditches by digging the face on the friendly side nearly vertical by 
means of hand tools. 

Deliberate cratering method. The deliberate cratering method outlined in 
Chapter 3, Deliberate Road Crater, is adequate for the construction of heavy tank 
ditches in most types of soil. 

Hasty cratering method. Construct an antitank ditch by placing 50 pounds of 
cratering explosive in 5-foot holes and spacing the holes at 5-foot intervals 
{Figure 3-15 on page 3-26). The ditch crater will be approximately 7 to 8 feet 
deep and 25 to 30 feet wide. 

Ditches 

In combat areas, construct ditches to drain terrain flooded by the enemy or as 
initial excavations for preparing a defense. Rough open ditches 2V? to 1 2 feet 
deep and 4 to 40 feet wide can be blasted in most soils. A brief outline of this 
method follows. 

Test shots. Make test shots before attempting the actual ditching to determine 
the proper depth, spacing, and weight of charges needed to obtain the required 
results Make beginning test shots with holes 2 feet deep and 1 8 inches apart, 
and then increasethe size of the chargeand depth, as required. A rule of thumb 
for ditching m average soil is to use 1 pound of explosive per cubic yard of earth 
to be removed. 

Alignment and grade. Mark the ditch centerline by transit line or expedient 
means and drill holes. When a transit or hand level is used, control the grade of 
the ditch by checking the hole depth every 5 to 10 holes and at each change in 
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grade. In soft ground, make the holeswith a sharp or quicksand punch, shown in 
Figure 3-1 8, or an earth auger. Loadthe holes, and tamp immediately to prevent 
cave-ins and ensure that the chargesare at proper depth. Slope the ditches at a 
rate of 2 to 4 feet per 1 00 feet. 



PIPE TFF 





Note: Punch point removed and charge is placed through pipe to 
the bottom of hole. 

Figure 3-18. Punches used to place charges at proper depths in soft ground 

Method of detonation. There are three methods of detonation — propagation, 
electrical firing, and detonating cord. 

Only one charge is primed for the propagation method (Figure 3-19). Place the 
charge in the hole at one end of the line of holes made to blast the ditch. The 
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concussion from this charge sympathetically detonates the next charge and so 
on until all are detonated. Use no more than 50 to 60 percent straight 
commercialdynamite inthis operation. The propagation method iseffective only 
in moist or wet soils. It can be used effectively in swamps where the ground is 
covered by several inches of water. If more than one line of charges is required to 
obtain a wide ditch, prime the first charge of each line. Overcharge the primed 
hole 1 or 2 pounds. 

Use any high explosive in ditching by the electrical firing method which is 
effective in all soils, regardless of moisture content, except sand. Prime each 
charge with an electric cap and connect the caps in a leapfrog series. Fire all 
charges simultaneously. 

For the detonating cord method, use any high explosive. It is effective in any type 
of soil, regardless of moisture content, except sand Prime each charge with 
detonating cord and connect to the detonating cord line main or ring main. 

' Method of loading. Depending upon needs, load in one of several ways. The 
method of loading fora deep, narrow ditch is illustrated in Figure 3-20. The relief 
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Figure 3-20. Method of loading a deep, narrow ditch 
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method of loading for shallow ditches is shown in Figure 3-21 . Blast ditches 1 
and 3 first to relieve ditch 2. Figure 3-22 illustrates the posthole method of 
loading for shallow ditches in mud. The cross-section method of loadi ng to clea n 
and widen ditches is explained in Figure 3-23. 



'A OF SINGLE LINE METHOD 

OH 

SINGLE LINE FOR POSTHOLE METHOD 

' o 10FT V 
/•—MAX ° 

/ / o 

o 



SINGLE LJNE METHOD 

OR 

POSTHOLE METHOD 




3 TO 4 STICKS 



6 TO 8 STICKS 



UP TO 30 FT 



Figure 3-21 . Relief method of loading for shallow ditches 



/ 



/ 




Figure 3-22 Posthole method of loading for shallow ditches in mud 




1 OR 2 STICKS 



Figure 3-23. Cross-section method of loading to clean and widen ditches 
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LAND-CLEARING CHARGES 

Overview 

Explosives can be used in land-clearing operations, which includes stump and 
boulder removal, andquarrying. The explosives commonly used are military and 
commercial dynamite and detonating cord. The quantity of explosive used is 
usually calculated by a rule of thumb. Charges can be placed in boreholes in the 
ground under or beside the target. Tamp or mudcap all charges. 

Stump Removal 

Stumps are of two general types — taprooted and lateral rooted {Figure 3-24). 
Military dynamite is the explosive best suited for stump removal. Measure the 
diameterof a stump at a point 1 2 to 1 8 inches above theground. Use 1 pound per 
foot of diameter for dead stumps and 2 pounds per foot for live stumps. If both 
trees and stumps are to be removed, increase the amount of explosive by 50 
percent. 

Taprooted stumps. For taprooted stumps, one method is to bore a hole in the 
taproot below the ground level. The best method is to place charges on both 
sides of the taproot to obtain a shearing effect (Figure 3 24). Tamp the charges 
for best results. 

Lateral-rooted stumps. In blasting lateral- rooted stumps, drill sloping holes as 
shown in Figure 3-24. Place the charge as close as possible under the center of 
the stump and at a depth equal to the radius of the stump base. If the root 
formation cannot be determined, assume that it is the lateral type and proceed 
accordingly. 



PLACEMENT OF CHARGE PLACEMENT OF CHARGE 

FOR TAPROOTED STUMPS FOR LATERAL ROOTED STUMPS 




Figure 3-24. Stump blasting charges 



3-35 




Boulder Removal 

Boulders can be removed by blasting. The most practical methods are 
snakehohng, mudcapping, and blockholmg. 



Snakeholing method. Dig a hole large enough to hold the charge under the 
boulder. Pack the explosive charge under and against the boulder as shown in 
Figure 3-25. For charge size, see Table 3-6. 

Mudcapping method. Place the charge on top or against the side of the boulder 
wherever a crack or seam existsthat will aid in breakage Coverthe charge with 
10 to 12 inches of mud or clay {Figure 3 25). For charge size, see Table 3-6. 

A. PLACEMENT OF A SNAKEHOLE CHARGE 



TAMPING 




C. PLACEMENT OF A BLOCKHOLE CHARGE 



TAMPING 








Figure 3-25. Boulder blasting charges 



3-36 



FM 5-25 



Blockhoiing method. Drill a hole on top of the boulder deep and wide enough to 
holdthe amount of explosive indicated inTable 3 6 Prime thecharge, place into 
the borehole, and stem (Figure 3-25). 



Table 3-6. Charge size for blasting boulders 



Boulder diameter, ft 


Pounds of explosive required 


Blockhoiing 


Snakeholing 


Mudcapping 


3 


'A 




2 


4 


% 


2 


3 V? 


5 


V? 


3 


6 



Springing Charges 

' Definition and method. A springing charge is a comparatively small charge 
detonated in the bottom of a drilled borehole to form an enlarged chamber for 
placing a larger charge. At times, two or more springing charges in succession 
may be needed to make the chamber large enough for the final charge. At least 
2 hours should be allowed for the boreholes to cool between firing and placing 
successive charges unless the sprung holes are cooled with water or 
compressed air. 

Detonating cord wick. Tape together several strands of detonating cord 5 to 
6 feet long, insert into the hole, and detonate to enlarge boreholes in soils. One 
strand generally widens the diameter of the hole about 1 inch. 

Make a hole by driving a steel rod approximately 2 inches in diameter into the 
ground to the depth req uired. According to the rule of thumb, a hole 1 0 inches in 
diameter requires 10 strands of detonating cord. The strands must extend the 
full length of the hole and be taped or tied together into a wick to give optimum 
results. Place the wick into the hole by an inserting rod or some other field 
expedient. Firing can be done electrically or nonelectrically. An unlimited 
number of wicks can befired at one time by connecting them withthe detonating 
cord ring main or line main. 

The best results from the use of the detonating cord wick are obtained in hard 
soil. If successive charges are placed in the holes, blow out excess gases and 
inspect the hole for excessive heat. 

Quarrying 

Quarrying is the extraction of rock in the natural state. Military quarries, 
generally of the open-face type, are developed by the single or multiple bench 
method. See TM 5-332 for detailed information. 
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This manual explains the methods and techniques m selecting, calculating, 
priming, placing, and firing explosives on materials such as steel, concrete, 
wood, stone, and earth. This chapter deals with the problems of using these 
techniques in demolition projects. 
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DEMOLITION PLAN 



Demolition Obstacles 

Although demolitions canbe used in a wide range of projects, such asquarrying, 
land clearing, and ambushing, the most important military use of demolition is 
that of creating demolition obstacles. Demolition obstacles are used in 
conjunction with many other types of obstacles, including mines, to create 
barriers which control the movement of an opposing force. Demolitions are also 
used in denial operations to create obstacles and to destroy facilities or material 

Barriers and Denial Operations 

The use of extensive barriers and the execution of denial operations are 
normally directed by division or higher commanders. These tactics are based on 
carefui planning and are closely coordinated with all tactical plans Engineer 
units are responsible forfurnishmg technical advice and supervision, siting and 
constructing specific obstacles or barriers, estimating the requirements for 
obstacle materials, and recommending the allocation of engineer resources. 
The construction of demolition obstacles is normally assigned to engineer units 
because the use of demolitions requires special skills and equipment. For 
further information, see FM 31 -10. 

Demolition Planning 

Execution of a demolition project. The execution of a demolition project must 
be based upon careful planning and reconnaissance. 

Selection of a demolition project. Factors that determine the selection and 
extent of demolition projects are — 

■ The mission of the command. 

■ The limitations and instructions of higher authority. 

■ The current tactical and strategical situation and future plans that indicate 
the length of time the enemy must be delayed, the time available for 
demolition, and the extent of denial to be accomplished. 

■ The enemy's capabilities and limitations as well as the effect of the denial 
upon them strategically and tactically. 

■ The likelihood that friendly forces may reoccupy the area and be required to 
neutralize the obstacle. 

■ The results to be obtained by the expenditure of labor and materials compared 
to the resultsthat may be obtained elsewhere with the same amount of effort. 

■ The time, material, labor, and equipment available. 

■ The effect on the local population. 

■ The target protection required 

Demolition Reconnaissance 

Demolition reconnaissance report. Thorough reconnaissance is necessary be- 
fore a plan can be made to demolish a target. Reconnaissance provides Infor- 
mation in all areas related to the project. Use Department of the Army {DA) 
Form 2203-R (Demolition Reconnaissance Report), shown in Figure 4-1, to- 
gether with appropriate sketches to record and report the reconnaissance of 
a military demolition project. Copy of DA Form 2203-R (Demolition Reconnais- 
sance Report) is contained at Appendix E. 




DEMOLITION RECONNAISSANCE REPORT 
For use of this Form see FM 5-25. The proponent agency is TRADOC 



SECTION I - GENERAL 



2. DML RECON RPT No. 3. DATE 4 

SG -/S 7 J~4a/ S(? 



I 



NAME 



GRADE 



4. TIME 
/& 



ORGANIZATION 



bJ S>/A V3&, T>. A/. 



B/JRA AC, M- A/. 



. RECON 
'RDERED BY 



u PARTY 
LEADER 



MAP rp , * SCALE . // 

NAME r>e/V0f r~ £-/<£>/ // 



1. TARGET AND LOCATION 

ffyi/ro&cf 

P7. 68 <sW 73 



I. GENERAL DESCRIPTION (attach sketches) 

kb/Z^oac/ Br/o/j e, 'Sfee./d?/ 



L2. NATURE OF PROPOSED DEMOLITION (attach afcCI 

P<5>t-f(d/ Z>€<5 Zr-U C, p0tl/SS^ 



AST (7 /Z t*L iZSVd?. 3 A/. 



/Z£0- eNCj. 3M 



//SHEET # 



9. TIME OBSERVED 



SERIES # 



10. COORDINATES 



7730 A/rs. A//ZD<C&?6o9 





3. UNUSUAL FEATURES OF SITE 







<k._ 





- ESTIMATES* 



4. EXPLOSIVES REQUIRED 



b. Quantity 




84 



L5. EQUIPMENT AND TRANSPORT REQUIRED 

Demo K/f, £,&rp<$nfer- TCp /Ay Af<s /& 

ZTz. — Tor) or- 5~—Ton 7?~c/c,MS 



NCO's 



/ 



trie 


o 


Cord zoo 8 r. 


Lighters ZC^ 


V — • — — — • — 1 

Nonelec- y _ 
trie /O 


%:T8o at 


g . Firing 
Wire 






6. PERSONNEL AND TIME REQUIRED FOR: 



. PREPARING AND PLACING THE CHARGES 





Men 



? 



/ Z 



• 7 * TIME, LABOR AND EQUIPMENT REQUIRED FOR BYPASS; SPECIFY LOCATION AND METHOD 

B&/7<s.y Br~tcZy<Z, IPot/S/e, — ZDoc/6/s 8? C//~s 

/ P’/srZ-ooy? 



Determine availability of Items 14, 15 and 16 before reconnaissance 



DA FORM 2203-R. AUG 70 
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When time and conditions permit, this report provides information for the 
preparation of an obstacle folder. (See Chapter 4, Obstacle Folder.) If the 
obstacle folder is not available, use this report in its place. The information 
provided in the form and listed in the next paragraph is intended primarily for 
bridge and road demolitions., but it is also applicable to the demolition of almost 
any other object. In certain instances, the report may require a security 
classification. The DA Form 2203-R will be locally reproduced on 8- by lOVy-inch 
paper (image size 7 by 9 1 it> inches). (See Appendix E.) 

Information required. DA Form 2203-R should contain the information as 
follows: 

■ A situation map sketch showing the relative position of the objects to be 
demolished, the surrounding terrain features, and the coordinates of the 
objects keyed to existing maps. 

■ A list of all unusual features of the site, giving the location on the situation 
map sketch. 

■ A plan and a side-view sketch of the demolition object showing overall 
dimensions, lines of cut, and demolition chambers. For example, if a bridge is 
to be destroyed, a sketch showing the overall dimensions of its critical 
members is necessary. 

■ A plan and cross-section sketch, for each member to be cut, showing details 
of chambers, lines of cut, and location of charges, with accurate dimensions 
of each member, quantities of explosives, and method of ignition. 

■ A sketch showing firing circuits and firing point. 

■ A bill of explosives showing the quantity and types required. 

■ A list of all equipment, including transportation, required for the demolition. 

■ An estimate of time and labor required for preparing the demolitions and 
placing the charges. 

■ An estimate of time and labor required for arming the charges and firing the 
demolition. 

■ An estimate of time, labor, and equipment required to bypass the obstacle. 
Specify the location and method Include supplementary obstacles, such as 
mining, that may be required. 

Demolition Orders (Standardization Agreement (STANAG) 2017. 

Edition 3. Quadripartite Standardization Agreement (QSTAG) 508) 

The following is a paraphrase of STAMAG 201 7, beginning with paragraph 3. It 
explains the standard procedure for conducting a demolition project. 

Three commanders are normally concerned with the execution of a demolition. 
One is the military authority who has overall responsibility. This person is the 
officer empowered to order the firing of the demolition (referred to hereafter as 
the Authorized Commander). 

The second is the Demolition Guard Commander (when appointed). 
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The third is the Demolition Firing Party Commander who is in technical charge of 
the preparation, charging, and firing of the demolition. 

Each Authorized Commander will-- 

■ Determine the requirement and allot responsibility for a Demolition Guard. 

■ Establish a clearly understood communication channel whereby the order to 
fire the demolition is transmitted to the Demolition Guard Commander or, if 
there is no Demolition Guard, to the Demolition Firing Party Commander. 

■ Ensure Lhat this channel is known and understood by all concerned. 

■ Specify whether the Demolition Guard Commander isauthorized to order the 
tiring of the demolition if the enemy is in the act of capturing it. 

Where a demolition important to the operational plan is to be prepared, the 
Authorized Commander will norrnaMy appoint a Demolition Guard, the 
Commander of which will be responsible for — 

■ Ensuring, if so ordered, that the demolition is not captured intact by the 
enemy. 

■ Giving to the Demolition Firing Party Commander the orders for changing the 
state of readiness of the demolition and the firing orders. 

Instructions to the Demolition Guard Commander and Demolition Firing Party 
Commander are contained in Annex A of the STANAG (Figure 4-2, page 4-6). 
This form will be used whenever time and conditions permit. 

After Par t J of the form in Annex A has been completed, copies will be distributed 
in accordance with the distribution list on the form. 

When the demolition is complete, copies number 1 and 2 of Annex A will be 
disposed of in accordance with the instructions on the form. 

The contents and paragraph numbers of the form issued by each national 
authority must conform exactly to Annex A. The form issued by each national 
authority should also conform as closely as possible, both in size and shape, to 
the example of Annex B (Figure 4-2, page 4-6}. 

Obstacle Folder 

Purpose. Use the obstacle folder to provide all the information needed to destroy 
a target. It is used for all nonnuclear demolition targets planned in barrier and 
denial operations (See FM 31-10). Prepare the obstacle folder in the format 
described in the following text and illustrated in Figure 4 3, page 4-11, 
whenever time and procedures that follow are in accordance with the STANAG 
2123. 

Contents. The obstacle folder consists of five parts. They are — 

■ Location of targets. 

■ Supply of explosives and equipment. 

■ Orders for preparing and firing. 

■ Handover/ takeover procedures. 

■ Demolition report. 
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ORDERS FOR THE OEMDLI1IDN 
IUSAEREUR Reg S2S 2 ST AN AG 2017.1 

INSTRUCTIONS FOR PREPARJNG THIS FORM 

i. Paragraphs 1-9 are to fie compiled. placing a noss m each b-o* wheie applicable. 

ii. Copy No l is to be issued to Ihe Demolition Guard Commander and Copy No 1 to ttie F iring Party Commander Copy Nc 3 is retained by the 
Authored Commander. It Ihere is no Demolition Guard. Copy No \ is rssueo lo the unit piovid^ng the bring party 

in. It Ihe Demolition Guard Changes, a new form should be issued 



ORDERS ID THE DEMOIIIIO* GUARD COMMANOER 
rv. You are responsible tor 

a. Command ol the Demolition Guard and Demolition Firing Parly 

b. The security ol the demolition site liom enemy attack or sabotage, and Ihe control ui trattic and relumes at ine demolilio-n site 

c. Giving Ihe order lo Ihe Demolition firing Party Commander in willing [para 10 ot Copy No 2) to change the State ot Readiness 

d. Giving the order to the Demolition Finng Party Commander in anting (paid 13 ol Copy No 2| to tire the demolition 

e. Keeping the Authorizing Commander informed ot the operational situation al the demolition site. 

v. The Demolition Firing Party Commander is in technical co-ntrol ot Ihe demolition but you must ensure that he keeps you informed ot ad 
action he takes. Your command post should fie co located with the tiring point if possible. 



vt. You areto find out from the Demolition* inng Party Commander the time requi led to change the 
to State of Readiness 2 I ARMED), pass Ifiis information to the Authorized Commander am 

v\t. Yon are to nominate a deputy forthwith and compile a seniority rosier. You are tu ensi 
understands his duties, and knows where to find this form it you become* casualty or are 
made Known to the Demolition Firing Party Commander. 

vm. Once State of Readiness 2 f ARM ED } has been ordered, either you or your depj 
passed immediately to the Demolition Fifing Party Commander. 

ik. In theevenl of a mislire Of onJy partially successful demolition, youj 
has completed the demolition. 

k. If you are ordered lo hand over ihe demolition to another unit V 
handed to the new Demolition Guard Commander. A recei 
completed on Ihe old lorm which you will relain. 

ai. When the demolition has been completed, you ar 
and return Copy No l to him with para 14 compile 




olilionlrom Slate o? Readiness 1 iSAFEl 
it in para IDa 

an knows his place in the rostei. 
sent. The seniority- rosier must he 

nd post so that order s can be 

y protection until su l h time as it 



w 

a 13 as to be completed and the new form 
by you ft a new form has been issued, para 1 1 1 s tn be 



horned Commander by the tastesl means available. 
Tyou should refer to the Authorized Commander 



hi. If you receive orders to lire the demolitions ol 
ORDERS 10 THE DEMOilTION FIRING PA 

xiu. You are in technical charge of the pre 

xiv. Ihe Demolition Guard Commander r^on 

a. Tactical command of all troops at i 

b. Giving you in writing Ipaia LO) the ordqpo 

c. Giving you in writing {para 13 f the order 

iv. You areto consult wilhthe Demolition Guard Commander over the siting of your firing point, which isto be co-iDcated with nis command 
post whenever practicable. It should be within sight ol the target. 

xv». You are to nominate a deputy forthwith, and compile a seniority rosier You are to ensure that each man knows h is place in the roster, 
understands his duties, and knows whereto find this form ii you become a casually or are unavoidably absent Ihe seniority i aster is to be 
made known to the Demolition Guard Commander 

xvsi. You are lo complete para lOe ot the form and lo report this information tuthe Demolition Guard Commander, ii provided, otherwise to the 
Authorized Commander. 



irmotf the demolition. 

Tsible tor 

>u are therefore under his command 
mgf the State of Readiness. 

[he demolition. 



Kviii. Once State of Readiness 2 (ARMED | has been ordered, either you or your deputy must remain at the Tiring Point. 

Kir When there is no OemohtiDn Guard and you receive orders to fue Ihe demolition other than Ihose given m para b. you should *e1er to the 
Authorized Commander or to your immediate superior . 

ijl It you are ordered to hand over the demolition to another unit without the issue of a new lorm. para H is to be completed and Ihe form 
handed I o the new Demolition Firing Party Commander. A receipt is to be issued and retained by you II anew Form has beenissued. para 1 1 is 
to be completed on the old form, which you will retain. 

kki. When the demolition has been completed, you are lo report its effectiveness lo your Unit Commandpr by the fastest means available, and 
return Copy No 2 to him with para 14 completed If there is no Demolition Guard the Unit Commander mu si pass the results and the 
completed Copy No 1 to the Authorized Commander If mines are laid, they are to be repofled and recorded on a minefield record {STANAG 
20J6(- 






Figure 4-2. Orders to the demolition guard commander and demolition 

firing party commander 
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I S&cunt y CJ&ssjf teat) on) 



DEMOLITION ORDLR 
SERIAL NO .. 

From 



I Authorised Commander) 



COPT NO OF 



3. Demolition Guard Commander 
2. Demolition Firing Party Commander 

3 Retained by the Authorized Commander 

4 



PART i 

1. Demolition Target Details: 



a. Descuplion 

b. Location (grid coordinates; 

c. Target nickname, number, or codeword 

(AITorders are to tie prehiced by taigel identifying nickname, number, or codeword.; 
u. Technical instructions 



2. Eiecuting Units: 

a. Cemohtion Guard 
b Demolition firing Party 

3. Orders to the Demolition Firing Party Comman 




a. The demolition target is to be pre 

b □ Ail other -orders will be issu 
m Pari II. 

c. □ There is no Demolit 
oiders received in P 
(Only one boxL^iabe 

4. Oiders to the D^mc^tiokGua 

Your respo 
the orders 

5. Demolition is to be 



!. by tDTG). 

mander. Record Iheir receipt 

m para 5, 6. and 7. recording the 



IV. You are to act as instructed in para 5. 6. and 7. recording 



a. □ Immediately upbfctwffTg prepared 

b. L) Upon receipt ot codeword in para Sc by radio. 

c. □ Upon receipt ot the order from the Authorized Commander or his Liaison Dltieer personally 

d. U(Other orders) 

6 Emergency Firing Orders 



a. □ You wid NOT fire the demolition except as ordered in para 5. 

b. □ You WILL tire tbe demolition on your own initiative il the enemy is in the act ol capturing it. 
(Only one bo* is to be crossed) 

7. Orders other than Tor firing will be given: 

a. D fly the Authorized Commander personally. 

b. D By the Authorized Commander s Liaison Olticer personally. 

c. □ By ladiu 

d E (Other means! 



{Security Classification) 
2 



Figure 4-2. Orders to the demolition guard commander and demolition 

firing party commander (continued) 
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{ Stfcw ft y 



' 6 . Codewoids 



Action 10 be taken 


Codeword 


a. Change from Stale 1 i.SAFEl io Stale 2 (ARMLDj 




b. ChangE from Slale 2 tARMtOj to Stale 1 |SAf£l 




c Fuc the demolition now 




o. Par3 3b cancelled. para 3c applies ! 

i 




e. Para 3c cancelltu. para 3b applies 




1. Para Sc cancelled. par3 Sti applies 




g. r he Authorized Commander is changed to 




h 




1 - 





U. Authorised Commander 
Signature 



Appomtmenl 



tO. Changing State of 

a. Time estimat 
Readiness 2 l.A 

b. 




land&UWfftnge from Stale t>t Readiness I (SAFE) to State of 
utes. 



Stale oi 

Readiness Ordered 


Originator 


Date/T<me Group of: \ 


Receipt oi Order 


Change Completed 



























11. Handover ana Takeover oi Ocmohtion Target 





Rank. Name and Unit 


Signature 


Dale/Time Gioup 


Transferring Commander 








Accepting Commander 







I S l 'cur t j y 

3 



Figure 4-2. Orders to the demolition guard commander and demolition 

firing party commander (continued) 
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The parts are to be in the order as indicated and in the pattern illustrated in 
Figure 4-3. If additional information is considered necessary, insert the 
information in the appropriate place in the folder. When there is insufficient 
space to enter the information, insert additional pages. In such cases, make a 
notation in the appropriate place {for example, "See page 4a"), and insert the 
additional page immediately following the notation. 

Format. The obstacle folder is intended for use in the field by the commander 
of the demolition firing party. It must have a strong, durable cover and must 
be bound so that pages with maps, stores lists, report forms, and so forth, can 
be easily removed. Prepare the folder in a pocket size, approximately 6 by 
814 inches. 

Language. The unit preparing the folder may speak a different language than 
the unit carrying out the demolition. Therefore, it is essential to produce the 
obstacle folder in more than one language. 

Prepare the obstacle folder in the languages that follow: 

■ Language(s) of units concerned. 

■ Language of the host nation. 

■ One of the two official North Atlantic Treaty Orgamzation {NATO) languages 
{English or French). 

Complete all subject matter in the folder in all languages agreed on for the 
folder. Notes on maps, plans, sketches, and so forth are to be in one language 
only, with a translation of relevant items in the other language(s) at the bottom of 
the page. 

Special instruction. The instructions that follow apply to the format shown in 
Figure 4-3. 

The list of explosives and stores required that is given in this format, found in 
part (2d) of Figure 4-3, is not intended to be exhaustive. It does indicate, 
however, a logical order of recording the various items. Include in the list only 
those items required for a particular target. 

Use the special technical instructions given in Figure 4-3, part (3a), when size, 
composition, and mission of the various parties employed on preparations for a 
major task are to be noted in paragraph 5, Organization of Work. 

The section pertaining to mines, found in part <3e) of Figure 4-3, concerns only 
nuisance mines, if applicable, or protective mines laid to protect the target and 
does not mean barrier minefields. 

Fill in the Demolition Report, found in Figure 4-3 in part {5) and paragraphsa and 
b. Detach this sheet for use as a demolition report form upon completion of the 
demolition. Squared paper is provided at the back for making a sketch. 
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Admx/up«ib ’A' (DofA) (KdeA) to/e» if AX AO 2123 
Aohuc 'A' (DofA) cob ST AX AO Xr . 2123 



QT AW -COBriDtHT tfL m fols r«ipll 
VS-VSirtBAULlCH 

AHTLICH QrHIIHQIBALTIX 

DKCh Auaftillao 



+NATO-RIBTRICTED 
+Dimr5ioi aiBTRiiwn 

fVS-HXl8 m DSX DISKS' 
01BBAPCH 

•fa A1 JLrmaa&Rnfaa# 




HOT! Anaarkaag 

Vhan blank 
81 laiaae en blue 
Vena uxtus^fiint 

♦+ Strike out lt»a not applicable 
Bajer la a*at ion inutile 
Micht tatr«ff»aAn atreichen 

(1) Delete the t«n HOT u»d 

Bar re r la MBtioi NOX utilise* 

-L- 

Figure 4-3. Obstacle folder 
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HATO-COHTIEfflTlAL on cottp l^ti op 
OTAM-COWFIDEMTICL un* fols reapll^ 

VS-VKHTAULICH 

km LICH GEttEIHQEHALTSH 

aac h Auofiillen 



<’) P^CTTOGRAPH OF TARGET 



PHOTOGRAPHS DE L' OUTRAGE 



FOTOGBAPHIE DSS SPEaaOBJEXTS 




e direction of tj av 

► Richtuog, in der das 
Objakt gosehon wurd* . 
ei nzuzfli cbnen 



Indiquer direction 
de prieo d* vue 



HAP NAME AND SCALE NOH ET 

CARTE 




DE LA PCARTENBfiZEICHNCNG QND 
MASS-STAB 




GRID kZF E kERCK UF 
TARGET 



COOHDONNEZS DD 
BISPOSITIF 



KOORDINATEH DES 
QBJEKTS 




Figure 4 3 Obstacle 1 elder (contnujed.i 
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NATO-COHriDEHTIAL op completion 
OTAH-CONriDEWriSL u dc fota respite 

T/S-VERTHADLICB 

AWT L1C H GEUEIHQKHAUM 

aach Aunfullen 



1 «' location oi ! 


EMPLACSHZNTS DU 1 


I*AG£ DES OB- 




and 


DisposiTir et du 1 


JECTS UND 




PHCSTOCK Pill NT- 


C£HTH£ DE HATTACKE- 
HbW (PRESTOCKAGS) . 


HUNITIOHS- 

LAGERPLATZ. 







L Map of scale 1 : 2^0 %OCC snowing target 
and prestock point and route betj^en 
them . 

Indicate nearest telepho 
\if any / into the AUTOKj 
trunk communicatioi 

(Cart an 2^0*0 
dispoeitif, 1 

munit ione iC cefi 

deux poin 




e^reaeau RTT , le 
pine prochej . ) 

?50.00fl rait der Lage 
a t ion si agerplatz und 
Huni t lonscransport . 

n*£oethaupt arise hi u£L {u«nn vor- 
i in das AUTOKO-Netz angeben.) 



' * 1 

SCALE 


ECHELLE 


HeBatab 
i 


* :?5^.G00 






Hyure 4 3 Obstacle folder fcommued) 
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I HATO-COMTIDDfr I AL oa coiylttiopfl 
OTAH-COHriDEHTISL uae foia reipllt 

VS-VEHTHAOLICH 

JttfTLICH QSHSIHGEHALTEM 

nach AusfiiLleii 



LOCATION OF 


EMPLACEMENT DU 


1 

’ LAGE DES 




TABGET 


DISPOSITIF 


! OBJECTS 

1 

1 

* * 







■it 

achbar 




‘.Map of scale 50. COO si 
the target and adjacent t 

(Carts au 50*00(5* 
le dispoaitif et 
voiei os ♦ ) 

(Karts Lm M 
Lage dfls 

Dbjekte . 







" 


J 






SCALE 


ECHELLE 


HaUst ab 


i : 5<3.00C 




Figure 4-3 Obstacle folder (continued) 
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NATQ-CQHFID EHTIA L on coaptation 



\QXM=£SWiaWl£L mt laia xcnnlia 

VS-VERTRAQLICli 
AHTLICH GEflEIHGEEIALTEN 



All'll i an 



i £ ) 3UPPLT OF 

EXPLOSIVES AND 
STORES FOR TARGET 



APROYISIONNEMENT DU 
CKANTIER DU 
D1SPOSITIF 



VEB3QBQ0NG HIT 
SPRESG- UND 
ZUNDH I TTELN S0- 
WIE GERAT FLf R 



-PRESTOCK POINT. 


Centre de rattachehent 

1 ■; PRESTOCKAGE) 1 


MUNITIONS- 1 

LAGERPLATZ 1 


I NAME 


l NOW 


Hi M 7. 





pages 5, 6, 7 



2 -TRANSPORT requires 



maps 


EMPLACEMENT: Voir 


LAGE i Si e he 




cartea pages *, f> , 7 


Karten Seite 






3,6, v 



VEHICULES 
necessaj. res 



; No / fAnzahl)... 



TRUCKS 
o f 



Tons . 



3 -ROUTE : 
See maps 
3, 6, 7 



J > -Approx x 
DISTANCE fr 
Prestock pc? 
targe t 




Erforderlich^r 

Transportreum 



WEG: 

S i e h e Ka r t 



n 



DISTANCE «pprcx:aiative Urgefahre ENT- 
entre -centre de ratta 
chejjent • prestockage ) 
t d i 3posi t i f . 

Cb t . 



n U I- g. Tr 1 r* IJ I f — 

1 FERNQNG vora Mu 
n : tionslager- 
P : a t * . z u m 




^-Explo si'/ea and stores 
required : see page 3 



xplosifs et 
ecessa i res : 

age 9 



malerieln Er forder L x ch< 

Spr engm 1 1 tel u. 
I G e r r t : S ie:.(* 
Sen- 9 



6 S to ra g e -ocation [Lieu de stockage des I La g e r i r t 

of additional pc:esBoires de mise eJ tusa t z. i l •r.e r 

barrier material oe-vre supp 1 eoen * a i re J Spernni' u-i 



MAP NAME AND 3C A LE 

• 


NOM ET fcHELLE L-E LA 
CARTE 


ft a r t f r. b • • 7.. 1 n u r . g i 
u nd Jha.ictab 





GRID REFERENCE 


COORDONNEES 


KOOtfLINAfEN 






Figure 4 3. Obstacle folder (continued) 
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SATO- CONFIDENTIAL oa completion 
rmttmrm MTIEL une f 01 8 reaplie 



T£- VEKTftA UL1C H 

UP LIC H OE JE INGE HALT EN 

aach Auefiillen 



(:?!»: LOCATION OF 


EMPLACEMENT Dll 


LAG£ DEE 1 




PRE5TQCK 


d£p$T DE 


MtTNITIONS- 




POINT 
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Figure 4 3. Obstacle folder (continued) 
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NATO-CONflDENTIAI on completion 
OTAN-COWFI DSHTIEL ud« foig reaplie 

VS-VERT8AQLICH 

AMTLICH GSHEIMQSBALTEK 

nacn AuefLillen 



<?b) LAYOUT 
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Figure 4*3. Obstacle folder {continued) 
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HATO- C OKTI DEJfT I A L on completion 
PIAN-COHTIDENTIEL upg foia respite 

VS-VEftTBAULICB 

AMTLICH GEHE1HGEHALTEN 

need Au6fullen “ 



(2c ; 



[netr-jctiofi' for opening araouailioo storage vault door 
directives pour 1 ' ouver ture de la porte du depot de nun 
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Figure 4-3. Obstacle folder (continued! 
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NATO-CONFIDENTIAL on completion 
OTAN-CQKf IDEKTI EL one fois remplie 

VS^ VEflTRAULICa 

AMTLICH GEKE.I MGEHALTEN 

nach Ausfullen 



Instructions for openin g ammunition storage vault door 
Direc-.ves pour l’ouverture de l a po r te d u depot de munition, 

»n*e-. sung fur das Dffnen der Sperrni 1 1 el haust-ir 
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Key for ammunition storage facility 
Olefs pour la soute de --nit ions 



Schiiissel fiir das ^um;::nslag»rnaus 



The bearer of this document :b authorised to enter the anaunition 

Rite and to pick up fron 3 -iaxer Mo the barrier material for 
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N ATC- CONFIDENT I kL on c cmpletatioo. 
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VS-VEHTRAOLICH 
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Figure 4 3 Obstacle folder (continued) 
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NATO-CONFIDENTIAL on completion 
OTAH-CUHPIDSJTTISL unt foio rampl 

VS-VBUTRAULXCH 

AHTLICH GEHEIHGEHALTEN 

nach AuBfiillen 






05 



(4} 








TOCLE 


OUT ILL AGE 


WERKSEUG 


Quarrying 


Barres 


Brech- 


bars 


a aine 


stangen 


Shovels 


PelLes 


Schau fe in 


Picks 


Piochea 


Kreufchacken 


Saws 


Sc iea 


Sagan 







STORES 



Mails 



Wire 




Timber 






MATERIEL 



Pointee 



Fil 



anchl 



GE. 



Ia«i 



leti 



MiraS 


MINES 




MI MEN 


Hines Af' 


Mines 
► % » ■ 


AP 


SchAbvtf i 


Hines AT 


Mines 


AC 


PiAbwMi 


Fife es 


Allumeura 


Zander (Minen 


TOTAL 


POIDS 


TOTAL 


GESAMTGEWICH 


WEIGHT 









O > 






-13- 



Figure 4-3. Obstacle folder (continued) 
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HATO-CDNPI DENTIAL on complation 



OTAJ-COHTIDEJtTIEL up a foja reapli* 
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lAMTLICq R gjEmGEHALTKH 
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Figure 4-3. Obstacle folder (continued} 
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> ATO-COWriOtMTIAL on coapletion 
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f igure 4 3. OLibUck-.* folder (continued) 
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VS-VIJTCRAULICa 
ASTLICH GirCIHGiHALTEN 



r.zzn Ausf-illfn 

NATO- CONF I DiliTI^L on cciplet ion 
OT AH- CONFIDENT I EL uae fo;s respite 




'•3) demolition order and, or minefield record 

da not complete until after laving t.-e minefield 
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Figure 4-3. Obstacle folder (continued) 
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Figure 4-3. Obstacle Poirier (continued} 



HAT0 -C0MFID£HTI*L on coaplr.ion 
OTAN-COHFIDENTIEL une foi £ renplie 

VS-V£BTRAUl.rCH 

AMTLICfl GfiHEIHGEHALTtW 

nach A li s Tu 1 1 «n ' “ 
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Figure 4-3. Obstacle folder (continued! 
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od completion 



une foie remplie 



CfiOQUIS DE 


1 

LADUNGS- 


CfiARGEMENT 


SKIZZE 



(Plane and sections s.tdwi 
□ f chambers, lines 
of charges, gi v Bb 
plosives, met 
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aile 
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iY 



fi, avec indi- 
d ’ exploei f 6 , 
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Lgdungeanbri ngung ait Angabe der 
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NATO-CONFI DEWTI4L on completion 
OTAM-CONTID EHTIEL une foie renpli* 
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AMTLICK GEKEIMGEHA LT cJI 
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page 16 



francais 
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Figure 4-3. Obstacle folder {continued) 
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una fois ra*plie 
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NATO-CONFIDENTIAL on completion 
0TAH-C0NTIDEWT1EL une foie remplie 

VS-VE8TRA0L3CH 
AHTLICH GEHEIMGEHALTEN 
nach Ausfiillen 




MINS FIELD IF 
•APPLICABLE, OR 
PROTECTIVE MIMES 



CHAMP DE MINES 
OU CHAKP D£ HIMES 
DE PROTECT I ON 
SUIVAHT L£ C«S 



MINENSPERPr. 
FALLS VGR- 
H AH DEN ODER 
SICHESUHG5- 
KINENSPEBRE 



Personnel and time 
reou ired for 
lay: ng mines 


Personnel et tempe 
necessBire pour la 
pose deG mines 


Krafte u. 
Zeitbedarf f. 
dab Verlegen 
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Men Hompp 
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Ko-jrs .-ieure6 


Std 
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-24- 

Figure 4-3. Obstacle folder (continued) 





-3 







FM 5-25 



NATG-CONFI DENTI AL on completion 
OTAN- CONFIDENT I EL une fois remplie 

VS- VERTS AULICH 

AJfTLICH GEKEIMCEHALTEN 

asch Aug ful len 



TURN-OVER,, TAKE-OVER OF TARGET 
REMISS/ REPRI SE TO DI5P0SITIF 
*JBERGa 3E, ?3£RN AKME DER SPERfiE 



Target No. 

Die po Bit if No 
Ob i ek t nuiwer 



Type of target 
Type d'ocstacle 
Art der Seer re 



Grid reference 
Coo r donnees GTM 
UT M- Ko o rd i na t en 



Date/Tine Group 
Groupe date/heure 
Dat ua/ 2c i t^f^^ppe 



State of r eadinesg- *t time of turn- 
Et at de prep ar at ion au uomont d^^ 
Ziindberei t 6Chaf t bei Ubergaw/Ofc« 
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prepare deraolit io! 

Traveux re^t^ ityi 
Noch iniBZ'Jrir KP&nd 
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s rVy° r to 

a l r achievement 
s 2 ur Fertigstellung 
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on Completion 
une fois reoplie 



VS- V2RTRAULICH 
AMTL.ICH GE KEIHGEHALTEN 



nach Ausfullen 



Amraimit ion/equ ipaent to. be turned— over/ taken-over 



Munition^ materiels a remettre 



Zu iiberfiebpnde/iibernehmende Muni t ion/ Gera t 
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ttbernehmender 1 
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Hon 
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Dniti 
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Einheit 


Unterachrxfl " 
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KAW-CCSrTDENTIAL on completion 
OTAN-CCNFI DENTIEL une foie re mpii* 

VS-VERTRAULICH 

AHTLIC4 -3EHEIMG£HALTEK 

Tia ch Ausf : illen 



-»b ) 
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AMTL1CH GEKEIWGEHALTEN 

i- — — ■ — 
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DURCHGEFURfiTE 

SPRENOUNG 
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on completion 



VS- VEST SAUL ICH 
AHTU.CH GEBE1HGEHALTEN 

nach Auefiillen 



remplie 



(5) SKETCH showing 
effect of demo- 
lition and loca 
tion of mines 
(if applicable) 



(5) CftCMJIS mon- 
trant les effets 
de la destructio 
et emplacement d 
champ de mines 
(s’ll y a lieu) 



(5) Skizze Liber 
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AH 
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Unterschn ft 
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Figure 4-3. Obstacle folder (continued) 
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TECHNIQUES COMMON TO MOST DEMOLITIONS 

Types of Military Demolitions 

There are three types of demolitions applicable to tactical situations — reserved, 
deliberate, and hasty. 

Reserved demolitions. Reserved demolitions are specifically controlled at a 
command level appropriate to the tacticalor strategicplan. Reserved demolitions 
are usually in place, ready and waiting, and in the safe condition. 

Deliberate demolitions. Use deliberate demolitions when enemy interference 
during preparations is unlikely and there is enoughtime for thorough reconnais- 
sance and careful preparation. Deliberate preparation permits economy in the 
use of explosives since time allows accurate calculation and positive charge 
placement to obtain the effects required. 

Hasty demolitions. Use hasty demolitions when time is limited and economy of 
explosives is secondary to speed. In all cases, use common sense and good 
judgment to prevent waste. Give a priority to each charge in the preparation of 
demolition projects in forward areas where a surprise raid by hostile forces is 
-possible. Although this procedure is relatively time consuming, it causes 
maximum damage in relation to the time required even though enemy 
interference might prevent completion of the job. Prime each charge as it is 
placed. If charges are all placed first and then primed, enemy interference prior 
to the act of priming might stop the work before any damage is done. The use of 
dual detonating cord ring main lines and branch lines is recommended for all 
front-line demolition projects. 

Nuclear Weapons Demolitions 

Use atomic demolition munitions (ADMs) to create obstacles and deny entry to 
military facilities or installations. Atomic demolition munitions have the 
capability of creating large radioactive craters with little preparatory effort. The 
residual radiation and fallout hazards require consideration. However, the use 
of small yields minimizes the fallout hazard and area of residual contamination. 
The ADM, like a conventional hand-placed charge, hasa primary advantage over 
ballistic delivered explosives, thus permitting the use of minimum yield for a 
given target. For additional information, see FM 5-106. 

Supplements to Demolition Obstacles 

Nuisance mining and charges with delay fuzes are very potent means of 
increasingthe effects of demolition projects. Inthe mapof the area tobe mined, 
include the facility to be destroyed, the ground where a replacement structure 
could be built or remedial work done, and a replacement structure could be built 
or remedial work done, and working party bivouac and alternate sites. For a 
demolished bridge, mine the dropped spans and abutments to prevent removal 
or recovery. Mine a suitable site for a floating bridge or ford to prevent ready use. 
Mine and booby trap locations likely to be selected for material storage, 
equipment parks, or bridge unit bivouacs. For additional information, see 
FM 20-32. 
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BRIDGE DEMOLITION 



Extent of Demolition 

There is no rule of thumb or regulation to indicate how much of a bridge to 
destroy in a given situation. Determine the extent of demolition after a n analysis 
and investigation of specific conditions. 

Complete bridge demolition. Complete demolition leaves nothing of the old 
bridge suitable for use in a new bridge. Leave the debris on the site where its 
removal will require hazardous work before any kind of crossing can be 
installed. However, even a partial demolition may be enough to force the enemy 
to seek a new site for a temporary bridge to substitute for the damaged bridge. 
Further demolition is then unnecessary. Apermanent structure is not likely tobe 
replaced during wartime. However, where the terrain is such that the current 
bridge site is needed for a new structure, even a temporary one, demolition of 
greater proportions may be justified 

Partial demolition. Bridges are usually demolished to create obstacles that 
delay the enemy. This purpose seldom requires complete destruction. Unless a 
denial operation is in effect, the demolition method chosen — near side spans 
and abutments — should permit economical reconstruction of the bridge by 
friendly troops at a later date 

Obtain the necessary delay by only blasting a gap too long to be spanned by the 
prefabricated bridging available to the enemy. Locate this gap where the 
construction of an intermediate support is difficult or impossible. A high and 
relatively slender bridge component can be demolished by cutting one side so 
that it topples into a mass of broken and twisted material. The destruction of 
massive bridge components, however, requires large expendituresof explosive, 
time, equipment, and effort that may not be profitable. Often on major bridges, 
the destruction of a component that can easily be replaced may not be justified. 

Factors determining theextentof bridge destruction are the same as those listed 
in Chapter 4, Demolition Planning. 

Plans for Bridge Demolitions 

Structural characteristics. Plan the demolition of bridges carefully There are 
many types of bridges which have a great variety of superstructures and 
substructures made of steeJ, timber, or masonry. The size and placement of the 
charge depends on the traits of the individuai bridge structure. 

General procedures. Some general procedu res apply to most bridge demolition 
projects. For example, if charges are placed under the bridge roadway, take 
special precautions to ensure that the charges wili not be shaken loose or 
initiated by traffic on the bridge The general points outlined here apply to the 
demolition of most or all of fixed, movable, and floating bridge structures. 
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Place hasty charges first because of possible enemy interruption. Locate them 
carefully so that if possible they can be included later into the deliberate 

preparation of the bridge. 

Blasting several timesrather than only once isoften preferred. Thissavesonthe 
use of explosives and can improve the thoroughness of the demolition. Consider 
this procedure when conditions permit. 

Give tension members priority because they are harder to repair than compres- 
sion members. Tension members almost always require steel riveting or 
welding, while compression members can sometimes be replaced by cribbing. 

When bridges oyer railways or canalsareto be destroyed, planthe demolition so 
any temporary intermediate piers that might be erected to repair the structure 
will be located where they will block traffic on a railroad or canal. 

Any long steel members that require cutting in only one place to demolish the 
- bridge should be further damaged to prevent their ready salvage by recutting or 
splicing. It is not necessary to cut such members completely at other points to 
accomplish this Locate a number of small charges properly to damage the upper 
flange, the lower flange, and the web. This will make repair difficult and 
uneconomical. Consider the twisting of such members in dropping the span and 
any other feasible method of further destruction. 

The nature of the terrain under the bridge is of great importance to the success 
of the demolition. For example, if the distance from the riverbed to the bridge is 
adequate, the weight of the bridge can be used to assist in its destruction. 

Types of Bridges 

Bridges can be classified in many different ways. For the purpose 
of planning and executing bridge demolitions, bridges are grouped into three 
general types — fixed bridges, movable bridges, and floating bridges. 

Fixed bridges. Fixed bridges are those in which a rigid and nonmovable 
superstructure is supported on solid and nonmovable supports. Fixed bridges 
are the most common types of bridges. 

Movable bridges. Movable bridges are those in which a portion of the bridge is 
capable of being moved to allow waterborne traffic to pass the bridge. 

Floating bridges. Floating bridges are those with a roadway supported by floats 
or pontons. This type of bridge is usually constructed by military forces and used 
as a temporary bridge until a fixed or movable bridge is completed or repaired. 



4-45 




Parts of Bridges 

The ordinary bridge is divided into two main parts — the lower part (or 
substructure) and the upper part (or superstructure) (Figure 4-4). 
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Figure 4-4. Parts of a bridge 



Substructure. The substructure consists of the parts of a bridge that support the 
superstructure. There are two kinds of supports — end supports (or abutments) 
and intermediate supports (or piers or bents). The parts of the substructure are 
abutments, footings, end dams, intermediate supports, and pontons. 

Abutments are ground supports located at both ends of a bridge. They can be 

constructed of concrete, masonry, steel, or timber and can include retaining 
walls or an end dam. 

A footing is that part of any bridge support that rests directly on the ground. It 
distributes the load over an area wide enough to keep the support from sinking 
into the ground. 

An end dam is a retarni ng wall of concrete, wood, or other material at the end of a 

bridge. The end dam supports the bank and keeps the approach road from caving 
in. 

An intermediate support is a support placed beneath a bridge between the 
abutments. It may be a pier of masonry or concrete, cribbing, several piles or 
trestle bents constructed as a unit, or a single pile or trestle bent. 

A ponton is an intermediate support which floats on the water. It is found in 
floating bridges. 
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Superstructure. The superstructure includes the stringers, any girders or 
trusses, floorings, and floor beams that make up the total part of the bridge 
above the substructure (Figure 4-4). 

Stringers are members that run lengthwise with the bridge and directly support 
the deck. 

Girders are two large stringers which run lengthwise and are the main load- 
carrying members. 

Trusses are built-up members which are load-carrying members of the 
superstructure and consist of these principal parts— the lower, upper, and 

intermediate chords. 

The lower chord \sxhe lower member ina truss panel. It runsparallel to the deck. 
The upper chord includes the upper members in a truss panel. 

The intermediate chords or diagonals are the members between the upper and 
lower chords. 

The flooring consists of two parts — the deck and the tread. The deck is the floor 
of the bridge. The tread is the top surface material. 

Destruction of Substructures 

Concrete and masonry abutments. Placing charges in the fill behind an 
abutment has the advantages of economy in the use of explosives and 
concealment of the charges from the enemy until they are detonated. The 
disadvantage of this method is that the charges are difficult to place. 

Where speed is required, do not place charges behind the abutment if the fill is 
known to contain large rocks. 

Demolish abutments 5 feet or less in thickness by a line of 40-pound cratering 
charges placed on 5-foot centers in holes 5 feetdeepand 5 feet behindthe face 
of the abutment {tnple-nickel -forty). Place the first hole 5 feet from either edge of 
the abutment and continue this spacing until a distance of 5 feet or less is left 
from the last hole to the other side of the abutment If the bridge approach is an 
embankment, place the explosive charges in a tunnel dug into the side of the 
embankment. Compute the number of charges by using the following formula: 

N - W - 1 , where 
5 



N = number of charges and 
W - width of theabutment, in feet. 
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if the wing walls are strong enough to support a rebuilt or temporary bridge, 
destroy them by placing charges behind them in the same way (Figure 4-5). 

Demolish abutments more than 5 feet thick by placing breaching charges 

in contact with the back of the abutment. The breaching radius is the thickness 

of the abutment. Place the charges at a depth equal to the breaching radius 
(Figure 4-6). 

Demolish abutments over 20 feet high by placing a row of breaching charges at 
the base of the abutment on the river face in addition to the charges above. Fire 
all charges simuitaneously.These fill charges can be breaching charges as 
explained above or the triple-nickel-forty charges, depending on the abutment 
thickness This method tends to overturn and completely destroy the abutment. 




Figure 4-5. Destruction of abutment 5 feet thick or less 
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Figure 4-6. Destruction of abutment more than 5 feet thick 



Calculate the breaching charges by using the breaching formula P-R^KC given 
in Equation (10). Use the abutment thickness at the charge location as the 
breaching radius /?. Place the charges at a depth equal to or greater than F. 
Determine the number of chargesandtheir spacing by the formula N = W given 

in Equation {1 1). ^R 
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Intermediate supports. An effective method of demolition is the destruction of 

one or more intermediate supports of a rmiltispan bridge {Figure 4-7). The 

destruction of one support will collapse the span on each side of it. Therefore, 

destruction of only alternate intermediate supports is enough to collapse all 

spans. Repair will require either the replacement of those supports or the 
construction of long spans. 

Concrete and masonry piers. Demolish concrete a nd masonry piers by internal 
or external charges(Figure 4 7). internal charges require fewer explosives than 
external charges, but because they require a great amount of equipment and 
preparation time, they are seldom used unless explosives are scarce or the pier 
has built-in demolition chambers. Calculate the number of charges by the 
formula P = R*KC given in Equation (10). 
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Figure 4-7 Charges placed on intermediate supports 



Plastic(C4), dynamite, andother explosivesare satisfactory for internal charges. 
Tamp all charges of this type thoroughly with blunt wooden tamping sticks. Do 
not use steel bars or tools. If there are no demolition chambers, place charges in 

boreholes blasted by means of shaped charges or drilled with pneumatic or hand 

tools. A 2-inch-diameter borehole holds approximately 2 pounds of explosive 

per foot of depth. The steel reinforcing bars, however, make drilling m heavijy 
reinforced concrete impractical. 
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Place external charges at the base of a pier or higher, and space them not more 
than twicethe breaching radius apart. Chargesshould be staggeredto create an 
uneven surface to hinder future enemy use. Tamp all external charges 
thoroughly with earth and sandbags if time and the size, shape, and location of 
the target permits. 

Destruction of Superstructures 

In the destruction of bridge superstructures, the material that the load-bearing 
members are made of is as important as the type of superstructure. The material 
used often determines the types of superstructures that can be built The 
methods for destruction orcutting of the most common types of superstructures 
follow. 

Timber-Stringer Superstructures 

Characteristics. Timber-stringer bridges are used extensively in the theater of 
operations for short-span crossings or in multiples of short spans for longer 
crossings. These bridges are constructed and used by the military. The stringers 
may consist of native timber logs or cut, dimensioned timber. The spans are 
simply supportedand rarely exceed 20feet. The deck iseitherplankor laminated 
timber decking. Some civilian bridges have asphalt or concrete wearing 
surfaces. 

Method of demolition. Cut timber-stringer superstructures by placing timber 
cutting charges to cut each stringer as shown in Figure 4-8. 




Figure 4-8. Demolition of timber-stringer superstructures 
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Steel-Stringer Superstructures 

Characteristics. Steel stringers are used in simply supported spans up to 
90 feet and in continuous-span bridges with clear spans up to 120 feet. The 
nonstandard steel-stringer bridge is constructed in the theater of operations by 
the military. Most civilian steel-stringer bridges constructed since the mid- 
1950s use high-strength steel and concrete and improved design techniques. 
Steel stringers consist of rolled shapes in spans up to 90 feet and beams built 
with welded steel plates in the 60- to 120-foot-span range. 

Method of demolition. Cut steel-stringer superstructures by placing steel- 
cutting charges to cut each stringer, as shown in Figure 4-9. 




Figure 4-9. Demolition of steel-stringer superstructures 



Composite-Steel-Concrete Stringers 

Characteristics. In the early 1960s, an efficient method was developed to 
connect the reinforced-concrete deck to the top flange of steel stringers. In 
steel-stringer bridges, the concrete deck serves only to distribute the live load to 
the stringers. When the deck and stringer are structurally connected, a 
composite-steel-concrete beam is formed. The concrete deck increases the 
compression flange of the stringer. Composite-beam bridges are difficult to 
recognize or distinguish from normal steel-stringer bridges. All steel-stringer 
concrete-deck bridges with more than 60 feet of clear span constructed after the 
mid-1960s can be assumed to be composite-beam bridges. 
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Method of demolition. Cut composite-steel-concrete-stringer superstructures 
by placing steeJ-cutting charges and concrete-breaching charges to cut each 
steel stringer and breach the concrete deck above each stringer as shown in 
Figure 4-1 0. 
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Figure 4-10. Charge placement on composite -steel concrete stringer 



Steel-Girder Superstructures 

Characteristics. Steel girders are generally used for spans of 100 feet to 
350 feet. The girder is used in spans too long for standard rolled shapes. The 
girder bridge referred to in this discussion consists of two large built-up flexed 
members that support the roadway, as opposed to the stringer bridge that can 
have many equally spaced smaller girders or stringers. Girder bridges are 
usually of continuous construction, and frequently the girder is haunched 
(deepened) over the intermediate supports. 

Method of demolition. Cut steel girder superstructures by placing steel- 
cutting charges to cut each girder. 

Reinforced-Concrete-Slab Superstructures 

Characteristics. The concrete-slab superstructure is an efficient structure for 
short spans up to 25 feet. Multispan slab bridges are continuous over 
intermediate supports. Span lengths for continuous slab bridges rarely exceed 
40 feet. 

Method of demolition. Demolish reinforced-concrete slab superstructures by 
placing breaching charges across the width of the slab to breach it. 
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Reinforced-Concrete T-Beam Superstructures 

Characteristics. Reinforced-concrete T-beam superstructures are used in 
simply supported spans of 30to 60feet and in continuousspans up to 100 feet. 
Continuous-span bridges normally use variable-depth T-beams to provide a 
greater depth over the intermediate supports. 



Method of demolition. As shown in Figure4-1 1 , demolish reinforced-concrete 
T-beam superstructures by placing charges to cut each beam using one of the 
following methods: 

■ Place concrete breaching charges against the side of each beam. 

■ Place concrete breaching charges against the bottom of each beam. 

■ Place breaching charges on the deck above each beam. 




SIDE BREACHING BOTTOM BREACHING 
CHARGE CHARGE 

6 LB TNT P = 39 LB TNT 



BREACHING 

CHARGE 
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Figure 4-1 1 Demolition of reinforced 



-concrete T-beam superstructures 



Prestressed-Concrete- Beam Superstructures 

Characteristics. Prestressed-concrete beam superstructures are basically con- 
crete-stringer superstructures using high-strength steel and concrete. They are 
similar to reinforced-concrete T-beam superstructures but can be recognized by 
the l-shaped concrete beam {Figure 4-12). The spans may be supported or 
continuous. Spans up to 200 feet in length are currently being used. 




NOTE: Pressure charges placed on lop of prestressed-concrete 
beams are not effective. 



Figure 4-12. Demolition of prestressed-concrete beam superstructures 
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Method of demolition. As shown in Figure 4-1 2, demolish prestressed- 
concrete-beam superstructures by using one of the following methods: 

■ Place dual concrete breaching charges on one side of the beam and against 
the sloped sides of the top and bottom flanges of each beam. Butt the charges 
against the junction of the web and flanges to destroy the beam. 

■ Place M2A4 or M3A1 shaped charges over the top or against the bottom of 
each beam to cut the beam. 



Concrete Box Beam Superstructure 

Characteristics. Hollow, concrete box beam superstructures are of two types 
the precast box beam and the large, monolithic hollow-box girder 



The precast box beams are individual beams 3 feet wide, laid adjoining each 
other and held together by transverse diaphragm rods. Groutthe joints between 
adjoi ning beams. The grouts are used extensively in foreign countries for simple 
spans 40 to 60 feet long. 



The large, cast in place hollow-boxgirder is generally used in continuous spans 
60 to 1 60 feet long. These superstructures may have an access door to allow 
entry into the beams. 

Method of demolishing precast concrete box beam superstructures. Cut 

precast concrete box beam superstructures by placing concrete breaching 
charges (calculated for reinforced concrete) against the bottom of each beam, 
and center the charge over the sides of the beam to cut the bottom and sides. 
Place charges at least one breaching radius away from the internal concrete 
diaphragms (determined by the location of transverse steel rods). 

Method of demolishing hollow, concrete box girder superstructures. As 

shown in Figure 4-13, demolish hollow, concrete box girder superstructures by 
placing breaching charges to cut the bottom and/or sides of each box girder 
using one of two methods 
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Figure 4-13. Demolition of concrete box beam superstructures 
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With the first method, place concrete breachmg charges (calculated for 
reinforced concrete) against the bottom of each girder andcenteroverthesides 
of the girders. 



With the second method, place concrete breaching charges against the bottom 
and sides of each girder inside the hollow girder. Access to the inside of the 
beam must be available. 

Truss Superstructures 

Characteristics. Many different types of truss superstructures exist. Combina- 
tions of different types of trusses are often used in large bridges. Construction of 
a truss may be of any material including timber However, steel or reinforced 
concrete is normally used. Their spans vary from 150 feet to over 1,000 feet. 
Some light truss superstructures are found in simple spans as short as 60 feet 

Method of demolition. Destroy truss superstructures by placing chargestocut 
the chords orthe floor stringers depending on the degree of destruction desired 
(Figure4-1 4). Use steel cutting charges, concrete breaching charges, ortimber- 
cutting charges, as appropriate. When partial destruction of a truss is acceptable, 
place the charges to cut only the tension chords, allowing the weight of the 
bridge to complete the destruction of the truss. 




Figure 4-14 Demolition of a truss superstructure 
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Fixed Bridges 

Fixed bridges have a great variety of substructures and superstructures. For 
demolition purposes, classify fixed bridges according to the way the superstruc- 
ture is supported. Usingthis method, determine the placement of thecharges to 
destroy the bridge and select the correct type of charge or charges based on the 
type of substructure and superstructure 

Simple-Span Fixed Bridges (Independent) 

Characteristics. A simple-span fixed bridge is supported only at each end. 
It is perhaps the most common type of fixed bridge. It may be as simple 
as a single-span timber stringer bridge or as complex as a large truss bridge 
Simple-span bridges can be recognized by the fact that each span is independent 
of the spans next to it. The stringers or girders of a simple-span bridge are of 
uniform depth and supported only at the ends (Figure 4-15). The trusses of a 




Figure 4-1 5. Simple-span, timber-stringer fixed bridge 
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simpJe-span bridge areof uniform height or higher (built up) in thecenter of the 
span, andthe upper chords of adjacent trusses are not usually connected overa 
pier (Figure 4-1 6). 




Figure 4-1 6. Simple-span truss bridge 



Method of partial demolition. Partial destruction of a simple-span bridge is 
difficult because any demolition will destroy an entire span and may result in 
more than the desired damage to the abutments or piers by the dropping span. 
To destroy a girder or stringer bridge of this type, cut the span at an angle so that 
the span will fall without excessive damage to the abutments. To partially 
destroy a simple supported truss bridge, cut both trusses at one end, allowing 
one end of the bridge to fall into the river ( Figure 4- 17). If the distance to the river 
is not toogreat, the bridge span should come to rest on an incline with its uncut 
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end on its abutment. This will deny the use of both the bridge and the river under 
it. The possibility remains that the greatest portion of the bridge is still intact and 
can be raised at some future time at considerably less expense than building a 
new bridge. 

Method of complete demolition. There are several ways to completely destroy 
a simpJe-span bridge. One is to cut the bridge at midspan, allowing it to buckle 
and fall into the river below (Figure 4-1 4 on page 4-56). When the bridge falls, it 
will probably also damage the abutments. 

An alternate way is to cut both ends of the truss or girder on the upstream side 
of the bridge close to the abutment, allowing the bridge to fall into the water 
(Figure 4-1 8). This method is more effective if the bridge rests relatively close to 
the surface of a swift-flowing stream. The water current will flow against the 
floor of the bridge which may complete the destruction by twisting the 
remaining truss or girder from the abutments and pound the bridge to pieces. 




Figure 4-18. Complete destruction of a simple-span truss bridge 
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A third approach is to destroy each alternate pier of a multispan simple-span 
bridge by cutting each pier on a diagonal breach line. Alternate the direction of 
the cuton each pier, and cut the Jower membersof the span in the center at the 
same time. This wilJ twist each span so that it may fall on its side between the 
piers, destroying them and leaving so much debris that extensive effort is 
required before a new bridge can be built. 

Continuous-Span Fixed Bridges 

Characteristics. Continuous spans are supported at more than two points. The 
basic type of continuous-span bridge is a simply supported bridge with one pier 
under thecenter. Conti nous-span bridges can be recognized by the fact thatthe 
superstructure of the bridge is continuous over the intermediate support. 
Stringers and girders of a continuous-span bridge are normally deepened or 
haunchedatthe intermediate support (Figure4-1 9). Thetrusses of a continuous- 
span bridge are highest over the supports and are connected at both top and 
bottom chords. 




Figure 4-19. Typical continuous-span bridge 
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Method of partial demolition. Cut the span at the desired distance from one 
abutment for partial demoJition of a continuous-span bridge (Figure 4-20). This 
will allow the desired portion of the bridge to drop into the stream, but because of 
the strength of the continuous span as it passes over the intermediate pier, the 
greatest portion of the bridge may remain in place for future use 




Figure 4-20. Partial destruction of continuous span 

Method of complete demolition. Cutthe span on each side of the intermediate 
piers for complete demolition of a continuous-span bridge. The cut should be at 
unequal distances from the piers so that the portion of the bridge over the pier 
will be unbalanced and fall. Under ideal conditions, the central portion will 
overturn or severely damage the supporting pier as it falls {Figure 4-21 ). The rule 
of thumb istocutthe span at three fourths thetotal span length from the pier If 
time and explosives are available, use breaching charges for demolition of the 
piers. 




Figure 4-21 . Complete destruction of continuous-span concrete-slab bridge 
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Cantilever Fixed Bridges 

Characteristics. A cantilever span is a span with one end unsupported A 
cantilever bridge has two arms that extend from opposite banks. Each arm is 
supported by a pier located approxi mately one quarter of the distance across the 
gap (Figure 4-22). The portion of the arm between the shore abutment and the 
pier is the anchor arm. The portion of the arm over the stream is the cantilever 
arm. The anchor arm may be anchored by a counterweight or solidly fastened to 
the abutment. Cantilever-span bridges may also have a separate span 
suspended between the ends of the cantilever arms. 

Recognition factor. Cantilever bridges are difficult to distinguish from 
continuous-span bridges because the structural members of a cantilever bridge 
are also deeper across the intermediate supports. Careful examination of the 
individual members of the bridge is necessary. The major difference between 
continuous- and cantilever-span bridges is the method in which individual 
members are stressed. The upper members of a cantilever bridge are tension 
members. In all other types of spans, the lower members are tension members. 
Close examination of the abutment support may also indicate a cantilever 
bridge. The existence of a suspended span also identifies a cantilever bridge. 



Method of partial demolition. Cut the hangers of a cantilever bridge so the 
suspended span will drop for partial demolition (Figure 4-22). If there is no 
suspended span, cut a portion of the cantilever arm as shown in Figure 4-23. 




Figure 4-22. Partial destruction of cantilever truss with suspended span 
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Make every effort to have aN charges detonate simultaneously in either case. If 
one end of the span were to fall before the other, the cantilever arm might be 
damaged to a greater extent than necessary or desired. 




Figure 4-23. Partial destruction of cantilever truss without suspended span 



Method of complete demolition. Cut the cantilever arms at unequal distances 
from the supporting pier for complete demolition of a cantilever bridge. This 
method will cause overturning of the portion of the bridge supported by the pier 




Figure 4-24. Complete destruction of concrete-slab cantilever bridge with 

suspended span 
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Arch-Span Fixed Bridges 

Components. The components of bridge arches are described here and 

illustrated in Figure 4-25. Bridge arch component descriptions follow. 

■ A span is the horizontal distance from one support of an arch to the other 
measured at the spring line. 

■ Spring lines are the points of junction between the arch and the supports. 

■ A rise is the vertical distance measured from a horizontal line connecting the 
supports at the base of the arch to the highest point on the arch. 

■ The crown is the highest point on the arch. 

■ Abutments are the supports of the arch. 

■ Haunches are those portions of the arch that lie between the crown and the 
spring lines. 

■ Spandrelsarethetriangular-shaped areas between the crown and abutment 
and above the haunches. 



SPANDREL 

ARCH 



CROWN 



SPRING 

LINE 




ABUTMENT 



Figure 4-25. Arch components 



Filied-spandrel arch. A filied-spandrel arch consists of a barrel arch, a 
comparatively short span, supporting an earth or rubble fill between the 
retaining walls. The arch is most vulnerable at its crown where it is thin nest and 
the earth fiil is usually only a foot or two thick Filied-spandrel arches are 
constructed of masonry (stone or brick), reinforced concrete, or a combination of 
these materials. Destroythese arches by placing breaching charges at eitherthe 
crown or haunch. 

Method of demolition using crown charges. Crown charges are easier to place 
than haunch charges, but their effectiveness is substantially less, particularly 
on an arch with a rise that is large in comparison with the span. Crown charges 
are more effective on flatter arches because the flatter shape permits a longer 
portion of the archtodrop out of the bridge. Place breaching chargesasshown in 
Figure 4-26. 
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Figure 4-26. Breaching by crown charges on filled spandrel arch bridge 



Method of demolition using haunch charges. Place breaching charges at the 
haunches, which are just ahead of the abutment, as shown in Figure 4-27. 
Traffic can be maintained until they are fired. If the bridges have demolition 
vaults or chambers built into the haunches, place the charges there. The 
presence of demolition vaults is revealed by the ventilating brick or steel plate 
laid in the side wall of the arch. Place the charges in the haunch on the leftside, 
and the explosive will drop out that portion of the arch between lines C and D as 
shown in Figure 4-27. Place the charges in both haunches, and the explosion 
will cut that portion of the arch between lines C and E. Place breaching charges 
on the arch ring, either in holes on the top or supported on the underside. 




Figure 4-27. Breaching by haunch charges on filled-spandrel arch bridge 
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Open-Spandrel Arch Bridges 

An open-spandrel arch consists of a pair of arch ribs that support columns or 
bents, which in turn support the roadway. The number of arch ribs may vary, 
and, on rare occasions, the spandrel bents may be placed on a full-barrel arch 
similar to that which supports the filler material of the filled-spandrel arch. The 
open spandrel arch bridge may be constructed of reinforced concrete, steel, 
timber, or any combination of those materials. 

Characteristics. The ribs of a concrete-open-spandrel arch bridge are about 5 
feet wide {Figure 4-28). The thickness of the arch rib at the crown varies from 
approximately 1 foot for spans 50to 60 feet long to 3 feet for spans of 200feet or 
more. The arch thickness at the spring line is ordinarily about twice the 
thickness at the crown. In long spans, the ribs may be hollow. The floor slab is 
close to the crown, permitting packing of charges against the rib at this point. 




Figure 4-28. Demolition of reinforced-concrete open-spandrel arch bridge 

Method of demolishing a concrete-open-spandrel arch. For structural reasons, 
the haunch over the abutment is most likely tobe heavy Effective destruction of 
the arch itself by means of light crown charges may leave a substantial pier at 
the roadway level in an undamaged condition. This type of structure is built in 
one massive unit rather than in lighter separate component parts and is very 
tough. Also, cutting the span at each end may drop the whole span only a 
relatively short distance. This could make the damaged bridge an excellent 
support for building a new temporary bridge. To prevent use of such a span, 
place one charge on the haunch and another at the crown. The uncut half span 
will fall if the total span exceeds 50 or 60 feet. Computethe charge at the haunch 
for placement at either the ring or the pillar over the support, which ever has the 
greater radius. For short single-arch spans, destroy the entire span with 
breaching charges laid behind the abutments or behind the haunches. 
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Method of demolishing a steel arch. Steel arches are of four general types — 
continuous arches, one-hinged arches, two-hinged arches, and three-hinged 
arches (Figure 4-29). One-hinged arches are hinged in the middle; two-hinged 
arches, at both ends; three-hinged arches, at both ends and in the middle. 
Destroy continuous arches and one hinged arches by placing charges at both 
ends of the span just far enough from the abutment to allow the arch to fall. 
Destroy two-hmged and three-hinged arches by placing one charge apiece at 
the center of the span. 




(T) CONTINUOUS ARCH 




Figure 4-29 Demolition of steel arch bridges 
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Suspension-Span Bridges 

The suspension-span bridge is usually a major bridge distinguished by two 
characteristics — the roadway is carried by a flexible member (usually a wire 
cable) and the spans are long {Figure 4-30). 




Figure 4-30. Suspension-span bridge 

Components. The components of a suspended-span bridge are cables, towers, 
trusses or girders, and anchorages. 

The cables of suspension bridges are usually two steel multiwire members that 
pass over the tops of towers to anchorages on each bank. The cables are the 
load-carrying members (The Golden Gate bridge has 1 27,000 miles of cable 
wire.) The towers of suspension bridges support the cables or load-carrying 
members. They may be made of steel, concrete, masonry, or a combination of 
these materials. 

The trusses or girders of suspension bridges do not support the load directly. 
They provide stiffening only. The anchorages of suspension bridges are merely 
the settings of the splayed ends of the cables in rock or a concrete mass. They 
may be as large as 10.000 cubic feet. 

Method of demolishing major suspension bridges. The anchorages of a major 
suspension bridge are usually too massive to be destroyed, and the cables are 
too thick for positive cutting with explosives. The most economical method of 
destruction is either dropping the span leading onto the bridge or dropping a 
section of the roadway by cutting the suspenders of the main or load-bearing 
cables. Determine the length of this section by analyzing what capabilities the 
enemy has for repair in the time the enemy is expected to retain the site, 
particularly for erection of a prefabricated bridge. It may also be feasible where 
there are reinforced-concrete towers to breach off the concrete and cut the 
steel. 

Method of demolishing minor suspension bridges. The two vulnerable points 
of a minor suspension bridge are the towers and the cables. The methods of 
demolishing these points are described in the following paragraphs. 
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Destroy the towers by placing thecharges on the towers slightly abovethe level 
of the roadway Cut out a section of each part of each tower. Place a charge on 
each post to force the ends of the cut out section to move in opposite directions 
and twist the tower. This will prevent the end of a single cut from remaining in 
contact. Demolition chambers, provided in some of the newer bridges, make 
blasting easier, quicker, and more effective. 

Destroy the cables by placing the charges on the cables as close as possible to 
firm support, such as at the top of the tower or at an anchorage. Take extreme 
care not to extend the charges more than one-half the distance around the 
circumference of the cable The charges are bulky, exposed, and difficult to 
place, and the cables are difficult to cut because of the air space between the 
individual wires. Shaped charges, with their directed force effect, can be used to 
advantage. 

Movable Bridges 

A movable bridge is a bridge having one or more spansthat can be positionedto 
'open a clear passage or to give increased clear height for traffic in navigable 
channels. The three basic typesof movable bridges are swing span, bascule, and 
vertical hit. The characteristics of these bridges are described in the next 
paragraphs. 

Swing Span Bridges 

Characteristics. A swing span is a continuous span that can be rotated on its 
central pier to provide clear passage for waterborne traffic. The arms of a 
swing-span bridge may or may not be of equal length If the arms are of unequal 
length, weights are added to balance them. The weight of the span is carried by 
rollers which mn on a circular track atop The center pier, the pivot serves as a 
center only. The swing span of a bridge is independent from any other spans of 
the bridge. The swing -span bridge can be recognized by the wide central pier 
under the swung span. This central pier js much wider than the one under a 
continuous span to accommodate the necessary rollers and turning mechanism 
that rotate the span (Figure 4-31 ). 




Figure 4-31 Swing-span truss bridge 
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Method of demolition. Because the swing-span bridge is a continuous type of 
bridge, partial and complete destruction can be accomplished as discussed in 
Chapter 4, Continuous-Span Fixed Bridges. The swing span can also be swung 
open, and the rotating mechanism damaged for partial demolition if necessary. 

Bascule Bridges 

Characteristics. The bascule bridge is more commonly referred to as a 
drawbridge. There are usualfy two leaves which fold upward when the bridge is 
open, as shown in Figure 4-32, but there may be only a single leaf, as shown in 
Figure 4-33. Bascule bridges appear in three general forms. The first two forms 
have movable arms balanced by a counterweight. 

The type illustrated in Figure 4-32 is the 
most modern design and is characterized by 
having the counterweight belowthe road level. 
The older type may have the counterweight 
above the road level. The third form, shown in 
Figure 4-3 3, has no counterweight but is lifted 
by a cable or rope. This is a very early form of 
bascule and is widely used in underdeveloped 
countries throughout the world. This type is 
normally made of timber to reduce the weight of 
the movable span. 

Method of demolition. The cantilever arms of a 
bascule bridge can be demolished as discussed 
in Chapter 4, Cantilever Fixed Bridges, to effect 
either partial or complete destruction. In addi- 
tion, the operating mechanism can be damaged 
to jam the bridge in the opened position. 

Characteristics. The movable span is a simple span which can be raised 
vertically out of the path of traffic. The simple span is supported on cables that 
pass over rollers and are connected to large, movable counterweights The 
height of the towers will govern the height to which the span can be raised 
(Figure 4-34). 

Method of demolition. The movable span of the vertical lift bridge can be 
destroyed the same way as any simple span or the cables supporting the 
counterweights can be cut. Cutting these cables will prevent raising the bridge. 
Cut one end of the movable span free when the bridge is raised to accomplish 
complete or partial demolition. The movable span will either wedge betweenthe 
supporting towers or fall free and severely damage the other tower. 

Floating Bridges 

Floating bridges consist of a continuous roadway of metal or wood supported by 
floats or pontons (Figure 4-35). 




Figure 4-32. Double-leaf bascule bridge 




Vertical Lift Bridges 
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Figure 4 34. Vertical lift bridge 

Pneumatic floats. Pneumatic floats consist of rubberized fabric made into 
airtight compartments and inflated with air. 

Cut the anchor cables and bridle lines with axes, and cut the steel cables with 
explosives for a hasty method of demolition. 

Puncture the floats by small arms or machine-gun fire for a deliberate method of 
demolition. This method requires a considerable volume of fire because of the 
large number of watertight compartments in each float. Make a clean cut 
through the material using detonating cord stretched snugly across the surface 
of the inflated ponton compartments. One strand is enough to cut most fabrics, 
but two strands may be needed for heavier material. Also, oneturn of detonating 
cord around an inflation valve cuts it off at the neck or does other damage. Lines 
placed around valves should not be main lines but branch lines that are run off 
from the main line because the blast wave may fail to continue past the sharp 
turn. 

Rigid pontons. Rigid pontons are made of various materials such as wood, 
plastic, or metal. Most of these pontons are open, but occasionally they are 
decked over. 
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Place a V?- pound charge of explosive onthe upstream end of the bottom of each 
ponton, and detonate all charges simultaneously for a hasty method of 
demolition. If thecurrent is rapid, cutthe anchorcables sothatthe bridge will be 
carried downstream. 

Cut the bridge into rafts, place 16-pound charges of explosives at each end of 
each ponton, and detonate all charges simultaneously for a deliberate method of 
demolition. 

Treadways. Calculate the charges to destroy the treadway of any metal- 
treadway floating bridge by using the steel-cutting formulagiven in Equation(4). 
The placement and amount of the charges to be used depend on the type of 
bridgeto be destroyed. Typically, if chargesaresettocut the roadway completely 
at every other joint in the treadway, the bridge will be damaged beyond use. 

Bailey Bridges 

Place a 1 pound charge between the channels of the upper and lower chords to 
destroy the panels. A Vir -pound charge will cut the diagonals, and a 1 -pound 
charge will cut the sway bracing (Figure 4-36). 



Vi LB 
ON 

DIAGONALS 




1 LS BETWEEN 
CHANNELS 
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Method of demolishing bridges in place. Cut the 
bridge in several sections by cutting panels on each 
side, including the sway braces. Stagger the line of 
cut through the panels; otherwise, the top chords 
may jam and prevent the bridge from dropping, in 
double story or triple-story bridges, increase the 
charges on the chords at the story junction line. For 
further destruction, place the charges on the tran- 
soms and the stringers. 

Method of demolishing bridges in storage or stock- 
pile. Demolition of bridges in storage must be such 
that the enemy cannot use any of them as a unit or 
any parts for normal or improvised construction. This 
requires destruction of an essential component that 
is not easily replaced or improvised so the bridges ata 
particular stockpile cannot be used. In this way, it will 
also be impossible for the enemy to obtain replace- 
ments for other sectors. The component that fulfills 
all of these conditions is the panel. To make the panel 
useless, remove or distort the female lug in the lower 
tension chord. Destroy all panels before destroying 
other components. 



Figure 4-36. Demolition of Bailey bridge 
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DAMAGE TO TRANSPORTATION LINES 



Highways 

Disruption of enemy transportation lines is an important demolition objective. 
The extent of demolition, however, depends on the analysis of the system and 
the mission. When the road net is destroyed, the attacking forces are halted or 
delayed, the movement of supplies is prevented, and, frequently, new construc- 
tion is required before the enemy can advance. These effects can be brought 
about by the demolition of bridges and tunnels, by blowing road craters, by 
placing wrecked equipment and debris in cuts and defiles, and by the 
construction of abatis and roadblocks. 

Railroads 

Tracks. The destruction of railroads with explosives should be done at 
vulnerable points. These are curves, switches, frogs, and crossovers, which may 
be destroyed with a small amount of explosive. This js called the spot method. 
Placement of charges is shown in Figure 4-37. 




Note: Use Vj lb for rails less than 5 in high. Use I lb for rails 5 in 
h<gh or over 

Figure 4-37. Demolition of railroad switches, frogs, and crossovers 

Destroy a length of single track by using a detail of soldiers with a pushcar, 
1 / 4 -ton truck, or other vehicle supplied with explosives, nonelectric blasting caps, 
time blasting fuses, fuze igniters, and filled sandbags. Several soldiers ride the 
vehicle, prime 1 -pound charges, and handthem, together with sandbags, to the 
soldiers walking immediately behind the vehicle. These soldiers will place the 
charges against the rail on alternate connectionsof bothtracksfor a distance of 
about 1 50 meters, and tamp them with sandbags. Tamping is not required to 
breakthe rail but will destroy a longer length of rail. Other soldiers should follow 
about 250 meters behind the vehicle to light the fuses. This method requires 
approximately 20 poundsof explosive per 1 50-meter length of single-track line. 
It should be repeated at approximately 2.4-kilometer intervals. This procedure is 
particularly advantageous when time or other factors prohibit complete 
destruction of a line. It causes a greater delay in repair than a concentrated 
destruction of short lengths of track. If time, explosives, and other conditions 
permit, however, complete destruction of long lengths of track will provide the 

longest delay 
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Make tracks unserviceable without the use of explosives by tearing up sections 
of the track, especially along cuts, fills, or embankments where the use of 
reconstruction equipment is restricted and work areas are limited. Tear up 
tracks by removing fishplates from both ends of a section of track, fastening a 
heavy chain or cable to it, and pulling it up by a locomotive. Also, a large hook 
towed by a locomotive is usefultotear up ties and rails. Whenever possible, pile 
and burn ties loosened from the rails. 

Roadbeds. Damage roadbeds by using the methods in making road craters and 
antitank ditches. 

Rolling stock. The destruction of rolling stock, particularly locomotives, will 
eventually cause even greater disruption of rail communications. 

Railway and Highway Tunnels 

Railway and highway tunnels located on major routes 
to strategic industrial or military areas are vulnerable 
to demolition and are therefore desirable targets 
Tunnel demolition, however, with hastily placed 
conventional explosives is impractical unless huge 
quantities are used. But when demolition chambers 
exist or when time, personnel, and equipment are 
available, considerable damage can be done to 
tunnels with reasonable amounts of explosives 
{Figure 4-38). 

Principle -factors in tunnel demolitions. The most 
criticai factor in tunnel demolition is the type of rock 
through which the tunnel is constructed. The object 
of tunnel destruction by demolitions is to block the 
tunnel with rock and to collapse the tunnel, if 
possible. The best results are obtained if the tunnel is 
constructed in soft or medium-hard rock. In tunnels 
built in hard rock formations, it may be difficult to 
achieves massive cave-in. Examinethe tunnel lining 
foran indication of the type of rock through whichthe 
tunnel is built. A thin or missing tunnel lining 
indicates a hard rock formation. 

Method of hasty demolitions. The hasty demolition of tunnels with reasonable 
amounts of conventional high explosives is ineffective. A hasty method that will 
cause extensive damage is still being developed. Theenemy may be temporarily 
deprived the use of a tunnel by breaking and dislodging portions of the lining 
with breaching charges placed at a number of points or by creating slides at the 
tunnel portals by placing cratering charges in the slopes above them. Nuclear 
devices of the proper size and placed effectively will demolish a tunnel. 




Figure 4-38. Typical concrete-lined tunnel 
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Methods of deliberate demolitions. Deliberate tunnel demolitions will produce 
satisfactory results when explosivecharges aredetonated in prepared chambers 
in the material adjacenttothe inner face of the tunnel, whether it is lined or not. 
Excessive chargesare not required. The most da mage desired in any tunnel is its 
obstruction with broken rock Caving, which may resultfrom structural damage 
tothe tunnel arch, cannot be predicted To obtain maximum damageto tunnels, 
the methods described in the next three paragraphs are adequate. 

Construct tunnel charge chambers so each chamber parallels the long axis of 
the tunnel at or above the spring line (Figure 4-38}. The T-design tunnel charge 
chamber is an efficient means of inflicting serious damage. Construct the 
chambers, opposite each other, at staggered intervals on opposite sides or all on 
one side of the tunnel. The maximum burden, which is the distance from the 
charge to the inside rock wall, should be 1 5 feet. The tunnel charge chamber 
should be no largerthan necessaryfor convenience of construction and loading 
and no smaller than 3 feet wide by 4V? feet high. Construct charge chambers far 
enough inside the tunnel to ensure confinement of the charge. The minimum of 
sidehill or outside burden should be 30 feet. 

An effective minimum charge for single placement within a T-type chamber of 
15-foot burden is 750 pounds of high explosive. Place charges on 30-foot 
centers. 

Stemming the material with which a borehole or charge chamber is filled or 
tamped — usually earth-filled sandbags — is necessary. Extend the stemming 
fromthe lastcharge intheT-type chambertothe chamber entrance. Stemming 
is not necessary between charges within the chamber. 

Method of deliberate demoiition of tunnels with prepared charge chambers. 

Some tunnels have chambers or holes in the roof or walls, as described above, 
for the purpose of demolishing them at some future time. Their presence is 
usually indicated by the open brick ventilators covering them. If no ventilators 
are present, locate these chambers by striking the roof and walls of the tunnel 
with a heavy metallic object which usually produces a hollow sound. Some 
tunnels may also have prepared charge chambers accessible from the outside of 
the tunnel. These are usually designed for the destruction of the tunnel portals 
and may be vertical or horizontal shafts dug in the slopes above the portals. 
Place explosives, compacted as tightly as possible, in the chambers. Close and 
seal the chambers except for the place where the fuse or firing wire passes 
through 

Water Transportation Systems 

The extent of demolition depends largely on the mission, materials available, 
and an analysis of the system to find out how critical, accessible, repairable, and 
vulnerable it may be. 

Vessels, piers, and warehouses. Unless they are tied up at docks or piers, 
vessels can seldom be destroyed efficiently by land-based troops. Docks, piers. 
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and warehouses, however, are excel lent demolition targets, especially with the 
use of fire. 

Channels. The best way to block a channel js to sink a ship or a loaded barge at a 
point that cannot be bypassed. Block channels with retaining walls effectively by 
detonating breaching charges behind the retaining walls. 

Dams. Since a prohibitive amount of explosive is generally required to destroy 
an entire dam structure, the best method is to destroy the machinery and the 
equipment. If the purpose of the demolition is to release the water in the dam, 
destroy the gates on the crest of the dam, or destroy the penstocks or tunnels 
used tobypassthe dam or to carry water to hydroelectric plants. Another way to 
release the water in the dam is to destroy the valves or gates used tocontrol the 
flow in the penstocks or tunnels. In dams partly or wholly constructed of earth 
fill, it may be possible to ditch or crater below the existmg waterline and thus 
allowthe water itself tofurther erode and destroy the dam. Nuclear devices can 
also be used to advantage. 

Canals. In most cases, destroyi ng the lock gates a nd the operating mechanisms 
that control them makes a canal useless. This mechanism, which includes the 
electrical equipment and perhaps pumps, is easier to destroy and should 
therefore be attacked first. If time permits, destroy the gates. Destroy the lock 
walls and canal walls by placing breaching charges or cratering charges behind 
them. 

Airfields 

Destroy airfields by atomic demolition munitions (ADIV1). Make airfields 
unusable by cratering runways or placing objects on the surface to prevent use 
by aircraft. The destruction of petroleum, oil, and lubricants (POL), munitions 
stocks, and repair and communications facilities is also desirable. Ditch 
runways that are not constructed of concrete by using rooters, plows, and 
bulldozers. Destroy friendly airfields only in areas where the resulting wreckage 
will impede enemy movement and operations the most. Make them ready for 
demolition only during the preparation for an organized withdrawal when 
seizure by the enemy is imminent. 

Method of demolition. The methods of destroying an airfield depend on the 
materials at hand, the type of installation to be destroyed, and the time and 
equipment available to complete the job. Destroy aircraft and equipment by 
directing weapons fire against them. Whenever possible, use bombs and 
ammunition as explosive charges. (See Appendix B.) Use gasoline and other 
fuels (POL products) to aid in the destruction by fire of vehicles, equipment, and 
buildings. When time permits, prepare a detailed plan for demolition of the 
airfield before placing any charges. The plan should include— 

■ Location of charges. 

■ Type of explosives. 

■ Size of each charge. 
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■ Priority in preparation and placement of each charge. 

■ Total amount of itemized explosives and other materials needed to effect 
demolitions included in the plan. 

■ Assignment of personnel or groups to prepare specific charge. 

Priorities for demolition. It is seldom possible to destroy an airfield completely 
because of the great amount of explosives and time required. It is necessary to 
determine what specific demolition is to be done and in what order specific 
operations aretobe carriedout. Airfield demolition plans should be very flexible, 
particularly in regard to priorities. The order of priority should vary according to 
the tactical situation. The following list suggests an order of priority for airfield 
demolition. It can be modified to suit the tactical situation. 

■ Runways, taxiways, and other landing areas. 

■ Routes of communication. 

■ Construction equipment. 

■ Technical buildings. 

- ■ Supplies of gasoline, oil, and bombs. 

■ Motor vehicles and unserviceable aircraft 

■ Housing facilities. 

Runways and taxiways. Runways and taxiways have first priority in a 
demolition plan because the destruction of landing surfaces is the most 
important single item. Whenever possible, consider demolition of an airfield 
during construction by placing large conduits in all fills. This requires little extra 
work and provides a means of placing explosives under the runway. Standard 
deliberate and hasty craters may be useful in the demolition of runways and 
taxiways. Use shaped charges to breach thick concrete pavement when speed is 
essential. Placing individual cratering charges diagonally down runways or 
taxiways, or in a zigzag line running diagonally back and forth, provides 
complete destruction. When pierced steel planks or other types of landing mats 
are used on an airfield, substantial damage can be done by attaching a large 
hook to sections of the mat and pulling it out of place with a tractor. This should 
be followed by cratering. Produce a hasty obstacle by using 40-pound cratering 
charges spaced every 15 feet across the runway and buried 4 feet under the 
ground. 

Turf surfaces and pavements. Destroy bituminous surface treatments or thin 
concrete pavements by using bulldozers, graders, and rooters. Destroy turf 
airstrips by plowing or cratering. 

Aircraft. Destroy unserviceable aircraft by detonating 4 pounds of TNT placed 
on each crankshaft between the propeller and the engine and 1 pound of TNT 
placed on the instrument panel to prevent salvage. Destroy the engines of 
jet-propelled aircraft by detonating charges on essential parts, such as the 
compressor, air intake, or the exhaust turbine. Remove or destroy radio 
equipment, bombsights, radar, and tires. 
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Pipelines 

The most vulnerable points of a pipeline system are the storage tanks and 
pumping stations. 

Storage tanks. Destroy storage tanks filled with fuel by burning with incendiary 
grenades or a burst of .50-caliber incendiary ammunition. Destroy empty tanks 
by detonating charges against the base. 

Pumping stations. Destroy booster pumping stations on cross-country pipe- 
lines. Insert gravel or other solid objects into the pipeline while the pumps are 
running to damage the moving parts, although not to the degree possible with 
explosives If time permits, burn the pumping station after the equipment has 
been destroyed by explosives. 

Pipe. The pipe used in pipelines can be destroyed only during scorched-earth 
operations because of the great amount of effort necessary for effective 
damage. Junctions, valves, and bends are the most suitable points, particularly 
when the line is buried. Another method is to close all valves on the line. The 
expansion that occurs even in subzero weather will break it. 

DAMAGE TO COMMUNICATION SYSTEMS 

Telephone and Telegraph Lines 

Although damage loan enemy telephone system ortelegraph system may never 
be extensive, it does have a great delaying effect. Telephone and telegraph 
switchboards and instruments are the best points of attack. Usually, 1 -pound 
charges placed on the cables are adequate to cut them Also, dial systems may 
be damaged by smoke from burning oil. Pole lines are not satisfactory targets 
since they are strung over long distances and can be destroyed only in spots. 
They can be made temporarily useless by cutting or grounding the wires or by 
cutting the poles with small external timber-cutting charges and then burning 
Cut the wire into short lengths to prevent further use. 

Radio Installations 

Radio provides rapid communication between distant points that would other- 
wise be without communication Antenna towers, usually constructed of steel 
and braced with guy wires, are the most accessible parts of any radio 
installation. Destroy them by cutting the guy wires and placing cutting charges 
against the base. Topple the towers over the transmitter station or across the 
high voltage transmission line through which the installation receives its 
power. Destroy equipment and standby power units by mechanical means or by 
demolition charges. Transformers are also very vulnerable. Provided they do not 
have automatic thermostatic cutoff switches, they will burn themselves up if a 
bole is blasted in the side or bottom and oil drains out. 
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DESTRUCTION OF BUILDINGS AND INSTALLATIONS 
Buildings 

The methods used and the extent of demolition usually depend on the time 
available. 

Masonry or concrete buildings. Destroy masonry or concrete buildings by 
placing breaching charges on the inside and at the base of the exterior walls. 

Wood or thin- walled buildings. Destroy wooden-frame or thin wa lied buildings 
by fire. Another method is to close all doors and windows and explode on the 
ground floor a concentrated charge (dust initiator) equal to Va pound to 1 pound 
of explosive per cubic yard of volume. For further information, see Appendix C. 
You can also djsmantle such buildings, if time permits. 

Steel-framed buildings. Destroy buildings with steel frames by first breaching 
the concrete or masonry where necessary to expose the vita I steel members and 
then cutting them with explosive charges. Another method is the exposure of 
the interior to extreme heat(1 ,000 degrees Fahrenheitfor 1 0 minutes); this will 
cause failure of the structural steel members. 

Concrete-beam and curtain-wall buildings. Destroy concrete-beam andcurtain- 
wa!l buildings (constructed in such a way that the load is carried by reinforced- 
concrete beamsand columns)by placing breaching charges insidetbe buildings 
atthe base of the exterior wall and atthe base of all intermediate columns onthe 
ground floor. 

Electrical Power Installations 

Electrical power plants. Before destruction, study electrical power plants so 
that the amount of damage will be adequate but will not exceed tactical 
demands. Destroy them by cutting the windings of generators and motors, by 
placing and detonating a 2-pound charge inside the casings, or by pouring 
gasoline on the generators and lighting them Short out generators by using 
metal powders or shavings. Breakthe shafts of motorsand generators. Remove 
or contaminate the lubricating oil with metal filings or aluminum powder and 
then run the machinery. Burst boilers with a cutting charge. Destroy all 
buildings, transmission towers, penstocks, andturbinesof hydroelectric plants. 

Transmission and distribution facilities. Destroy transmission lines by cutting 
or by demolishing the towers or poles. However, the complete disruption of 
electrical power by this method is difficult since electrical power is usually 
supplied by more than one power line. Attack electrical substations by 
destroying transmission linesand switching equipment. Large transformers are 
very vulnerable. They will burn themselves up if the cooling oil is drained out. 
This draining can be accomplished by using explosives or weapons fire. 

NOTE: Electrical firing systems should not be used. 
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Water Supply Systems 

The pumping station, filtration plant, and reservoirs of a water supply system are 
usually the most accessible points to attack. Destroy storage tanks by charges 
calculated on the basis of 1 pound of explosive per 100 cubic feet of capacity. 
Detonate the charge inside the tank when it is full of water. The water will act as 
a tamping material. Shaped charges are also useful in this capacity. However, 
the standoff should be cut down considerably. Wells sunk in soft soils are 
damaged beyond repair by charges that cut the lining Destroy wells in rock and 
hard soils with little or no lining by exploding large breaching charges 6 to 
1 2 feet from the edge of the well and deep enough to secure good tamping. If 
time does not permit such preparation, explode a large charge halfway down 
and against the side of the well 

Refineries 

Petroleum, oils, and lubricants (POL) refineries are readily demolished since 
they have such extremely vulnerable points as cracking towers, steam plants, 
cooling towers, and POL stock. These points are easily damaged by using 
explosive charges and fire. The demolition of such installations should be 
planned and executed only by persons familiar with their design and construc- 
tion or after extensive investigation. 

DESTRUCTION OF FORTIFICATIONS 



Overview 

The destruction of field fortifications to prevent their use or reuse by enemy 
forces, as with all other demolition projects, depends on the material from which 
they are constructed and the tune, equipment, material, and personnel 
available As field fortifications are of many types ranging from observation 
towers to underground bunkers and may be constructed of many types of 
materials that range from earth-filled sandbags to reinforced concrete, the 
calculation of a standard method for destruction by use of explosives is almost 
impossible. 

Bunkers 

Aboveground or semrburied. Bunkers that are aboveground or partially 
aboveground are accessible to personnel and can be dismantled or collapsed by 
heavy equipment. Use explosives to breach the roof of the bunker or to cut the 
structural members that support the roof. 

Underground. Bunkersthat are completely belowthe ground are bestdestroyed 
with explosives. Place the explosives to breach the ceiling of the bunker or cut 
the structural support of the ceiling. If time permits, the construction and use of 
demolition chambers similar to those used in railway and highway tunnel 
destruction may be advantageous. 
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Trenches 

Fill trenches by hand or with equipment. The use of explosive charges to 
collapsethe walls may be required whentrench walls are supported with timber 
or other materials. However, large quantities of explosives may be required. 

Tunnels and Caves 

Caves. Destroy caves by collapsing the wall and ceding or the entrance using 
the methods outlined for highway and railroad tunnel destruction. 

Tunnels. Tunnels used to connect underground bunkers can be collapsed along 
their entire length or partially destroyed by collapsing the tunnel entrances. 
Because tunnels can vary in size and construction and the soil conditions vary 
widely even within the same tunnel, the use of test shots is necessary. For 
un lined tunnels in earth and not over 2 meters in diameter, a rule of thumb may 
be used to find the amount of explosive needed for a test shot. The rule is to use 
2 pounds of explosive per linear foot of tunnel for 1 0 feet or less of overburden , 
which is the depth of earth above a tunnel. For each additional 10 feet or less of 
, overburden, an additional 2 pounds of explosive per linear foot of tunnel are 
recommended. Distribute the explosive charges along the entire length, and tie 
them together with detonating cord. For maximum destructive effect, place 
charges against the ceiling and fill in all tunnel entrances. The use of additional 
explosives atturns, intersections, and branches of thetunnel maybe necessary. 
If the size and construction of the tunnel and local soil conditions vary fromthose 
described, adjust the amount of explosives used for the tesl shot. 

DESTRUCTION OF EQUIPMENT AND SUPPLIES 

Overview 

Whenever the destruction of equipment and supplies is undertaken, some basic 
considerations are to be factored in and priorities established. Also, the proper 
level authority must authorize the action. 

Authority for destruction. The destruction of friendly material is a command 
decision, carried out only on the authority of the division or higher commander. 
Destroy or make unserviceable equipment and supplies that cannot be 
evacuated and can, therefore, be captured by the enemy except for medical 
materials and stores, which are not to be intentionally destroyed (DA Pam 27-1 
and TM 750-244-3). 

Destruction areas. Whenever possible, destroy mobile equipment in places 
where it most effectively impedes the advancement of the enemy. Examples of 
such places are approaches to bridges (fills); airfield landing strips; cuts, fills, or 
hills on roads; sharp bends of roads; roads leading through densely wooded 
areas; and narrow streets in thickly populated or built-up areas. 
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Priority of operations. Destruction can only be as complete as the time, 
equipment, and personnel available will permit. If all parts of the equipment 
cannot be completely destroyed, damage the most important ones Give special 
attention to those parts that are not easy to duplicate or rebuild. Take particular 
care to destroy the same components on each piece of equipment. Otherwise, 
the enemy can cannibalize equipment by assembling a complete unit with parts 
taken from several partly destroyed units. 

Precautions. When material is destroyed by explosives or by weapons fire, 
flying fragments and ricocheting bulletscreate a hazard. Thus, demolition must 
be done in an area free of friendly troop concentrations. 

Planning 

Standing operating procedures for all units should contain a plan for the 
destruction of all equipment and except medical supplies. (They are left intact 
for friendly use.) Such a plan should do two things. It should ensure that the 
most effective damage is done to the material and that the use of friendly 
equipment isdenied totheenemy. Theplan shouldoutlinethe required extent of 
demolition and include priorities of demolition and methods of destruction for all 
items issued to the unit. If explosives are to be used, note the required amounts 
on the plan. The plan must be flexible enough to meet any situation. To make 
cannibalization by the enemy impossible, familiarize each equipment operator 
with the order in which essential parts, including extra repair parts, are to be 
destroyed. Each operator mustalso befamiliar with the sequence tobe followed 
for total destruction. 

Methods of Destroying Material 

The methods of destroying material described can be used either singly or in 
combination. The actual methods used in a given situation depend on the time, 
personnel, and means available. 

Explosives. AN military explosives are effective in destroying equipment. 

Mechanical means. To destroy material by mechanical means, use sledge- 
hammers, crow bars, picks, axes, and any other available heavy tools to smash 
or damage whatever is to be destroyed. 

Weapons fire. Hand grenades, rifle grenades, antitank rockets, machine-gun 
fire, and rifle fire are valuable means of destroying material. 

Thermite grenades. Destroy or make unserviceable flammable material and 
equipment by heat generated by the thermite grenade. Soak the material with 
fuel before burning. 
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Fire. Pack rags, clothing, or canvas under and around the material to be burned. 
Soak the rags or clothing with gasoline, oil, or diesel fuel. Damage from fire may 
not always be as severe as expected. Engine or transmission parts heated to less 
than a dull red heat are not seriously damaged if they are lubricated immediately 
after the fire to prevent corrosion. Destroy electrical equipment, including motor 
or generator armature windings and other wiring, by burning. All parts made 
from low-melting-point metal can be almost completely destroyed by fire. 

Water. An easy and quick method of damaging equipment is to submerge it, but 
the damage is not usually severe. Total submersion conceals equipment. 

Abuse. Deliberately operating equipment improperly damages it severely, 
especially engines. Such abusive treatment can proceed even after abandon- 
ment by draining the oil, then leaving the engine running at a high idle speed. 

Concealment. Remove accessible vital component parts of equipment, and 
scatter them through dense foliage, preventing or at least delaying use by the 
enemy. Hide vital parts of entire items by throwing them into a lake, stream, or 
other body of water. 

Booby traps. Place booby traps in debris after destruction is completed, if time 
permits. See FM 5-31 for the techniques. 

Destruction of Combat Equipment 

There are various publications on the proper method of destroying military 
combat equipment. For additional information regarding the destruction of 
small arms such as rifles, mortars, and ammunition, see the references for a 
listing of the FM 23 series. For additional information about the destruction of 
armored vehicles and their weapons, see the references for a listing of the 
FM 17 series. For destruction of demolition material, see Chapter 5 of this 
manual. 

Training 

Training involves the simulated breaking of vital parts, the placing of dummy 
charges, and the selection of sites suitable for the destruction of equipment in 
order to block communication routes. It does not involve the actual demolition of 
any material. Drivers and operators should know each step in the appropriate 
method for the destruction of their equipment and supplies. The methods of 
destruction, which are preferred in the order given, are to cause mechanical 
damage to vital parts; to use explosives; and to employ water, fire, and weapons 
fire. 
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Safety is of great importance when working with explosives. Specific procedures 
thusexist for their handling, transporting, storing, and destruction. This chapter 
deals with safety precautions and responsibility for carrying out safety proce- 
dures. It also presents methods for destroying explosives to preventenemy use. 
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GENERAL SAFETY PRECAUTIONS 

Safety Rules and Responsibility 

Compliance. During training, safety rules regarding explosives, caps, and 
demolition equipment will befolJowed strictly. In combat, some safety rules may 
change so that unit missions can be carried out. In all other situations, safety 
rules will be observed to thefullest extent permitted by time, materials available, 
and requirements of the mission. Post regulations and local and unit standing 
operating procedures (SOPs) will also be observed. 

Responsibility. Do not divide the responsibility for preparing, placing, orfiringof 

charges. One individual should be responsible for the supervision of all phases 
of the demolition mission. 

Safe Distance from Demolitions 

Blast effect. Missiles thrown by an explosion area greater danger to personnel 

than the blast effect (an increase in air pressure). The blast effect is a hazardonly 

on occasions when special protective features are used at detonation or 

demolition sites to eliminate flying debris or confine missiles and to provide for 

detonation of charges close to personnel. Personnel who are provided the 

minimum protection prescribed will not generally be endangered by blast effects 
{AR 385-63). 

Missile hazard. Explosives can propel lethal missiles great distances. How far 

an explosion-propelled missile will travel in airdependsprimarify on therefation 

between weight, shape, density, initial angle of projection, and initiafspeed The 

missile hazard from steel-cutting charges extends a greater distance under 

normal conditions than that from cratering, quarrying, or surface charges of 
bare explosives. 



Safe distances. The following criteria give distances at which personnel in the 
open are relatively safef rom missilescreated by bare charges placed in or on the 
ground, regardless of the type or condition of the soil (AR 385-63). 

For charges weighing less than 27 pounds, the minimum missile hazard 
distance is 300 meters. 

For charges weighing more than 27 pounds, thedistance at which personnel in 

the open are relatively safe from missiles can be calculated from the following 
formula: 

Safe distance (in meters) = 100 x (lb explosive) 1/3 ( 15 ) 

Safe distances calculated for selected charge weights are listed in Table 5-1 

Problem— Determine the safe distance if 200 lb of TNT are used. 

Solution — Solve the problem presented as follows: 

Safe distance = 1 00 x (200) 1/3 

= 100 x 5.85 
= 585 meters 




For charges placed to demolish solid material, locate missile-proof shelters a 
minimum distance of 1 00 meters away from the demolition site. These shelters 
should be strong enough to withstand the heaviest material that might be 
thrown on them. 



Table 5-1. Minimum safe distance for personnel in the open 
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For charges over 226.70 kg (500 lb), 
distance ho feet = 300 “x/Potmds of explosives 



Safe distance in meters = 100 x -^Pounds of explosive 



Minimum distance for personnel <n a missile-proof shelter is 91 .4 m 4300 ft). 



Package Care and Repair 

Carelessness, rough handling, and disregard for safety rules may cause 
premature explosions, misfires, and in many cases, serious accidents. Pack 
issued explosives and auxiliary items in moisture-resistant containers and 
proper packing boxes to withstand field conditions of transportation and storage. 
Do not handle containers and boxes roughly; they must never be broken, 
cracked, or dented. Some special items, if distorted, lose part of their 
effectiveness. Repair damaged packing boxes and containers immediateJy. 
Transfer alJ defaced parts of marking to new parts of the boxes. Destroy broken 
airtight containers, such as those containing chemical mines. For detailed 
information on care and handling of explosive items, see TM 9-1300-206. 

Reports of Malfunction 

Identify explosives by lot number. If frequent misfires or failures and 
malfunctions occur, note the lot number of the malfunctioning item and report 
the incident in accordance with AR 75-1 . 
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Transportation Regulations 

When transporting military explosives and other dangerous military articles, 
military or commercial carriers within the United States are subject to the same 
laws and rules. Army Regulation 55 228 governs transportation by water of 
military explosives, flammables, and chemical materials. Technical Manual 
9-1300-206 contains minimum safety requirements for handling and trans- 
porting military explosives and ammunition. Everyone involved in transporting 
explosives must learn local procedures and proper safety requirements and will 
be held responsible for all violations of those procedures. 

Safety Rules 

Whenever explosives are transported for local use, observe the safety rulesthat 
follow: 

■ Never mix live and dummy {training) explosives together. This includes 
mixing for the purpose of demonstration or training purposes. 

■ Vehicles used for the transportation of explosives shall not be loaded beyond 
rated capacity. Secure the explosives to prevent shifting of the load or 
dislodgement from the vehicle in transit. In all open-body vehicles, cover the 
explosives with a fire-resistant tarpaulin. 

■ Mark ail vehicles transporting explosives with reflectorized placards on both 
sides and ends. 

■ Do not transport blasting caps or other initiators in the same vehicle with 
other explosives, if possible. If not possible, carry the caps in the front of the 
truck within a closed metal can and carry the explosives in the rear. 

■ Do not carry metal tools, carbides, oils, matches, firearms, electric storage 
batteries, flammable substances, acids, and oxidizing orcorrosive compounds 
in the bed or body of any vehicle transporting explosives. 

■ Vehicles used in the transportation of explosives shall be in good repair. 
When steel or part-steel bodies are used, fire-resistant and nonsparking 
cushioning materials will be used to separate the containers of explosives 
from the metal. 

■ Equip vehicles transporting explosives with not less than two fire extin- 
guishers placed at strategic points, filled and ready for immediate use, andof 

a make approved by the National Board of Fire Underwriters 
for class B and C fires. 

■ Do not take a vehicle containing explosives into a public building or repair 
shop. Do not park in congested areas 

■ Check all vehicles before transporting explosives, and protect and securely 
fasten all electrical wiring to prevent short circuiting. 

■ Operate vehicles transporting explosives with extremecare. Do not drive ata 
speed greater than 35 miles per hour. Make full stops sa approaches to all 
railroad crossings and main highways, and do not proceed until the way is 
clear. This does not apply to convoys or protected crossings where guards or 
highway workers with flags are stationed. 
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■ All vehiclestransporting explosiveson public highways, roads, or streets will 
have an authorized operator and assistant operator. No person other than the 
authorized driver and helper will be permitted to ride on a truck transporting 
explosives. No motor vehicle will be refueled while explosives are on the 
vehicle except in an emergency. 

Magazines 

Types. Store explosives in magazines according to the safety regulations 
prescribed in TM 9-1300-206 and FM 9-6. Table 5-2 shows the minimum 
distance for the location of magazines from other magazines, buildings, and 
routes of communication based on the quantity of explosives stored. There are 
two types of magazines — permanent and temporary. Although the permanent 
type is preferred, temporary or emergency types are frequently required when 
permanent construction is not possible. 



Table 5 2 Magazine locations (unbarricaded) 
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A tote. For more derailed Information see TM 9-1 300-206. 



Barricades. Barricade explosives storage magazines; that is r there must be a 
substantial obstacle between them and inhabited buildings. For certain explo- 
sives. effective natural or artificial barricades reduce the required distance 
between magazines, railways, and highways by one half. The use of barricades 
permits the storage of larger quantitiesof explosives in any given area. Although 
barricades help protect magazines against explosives and bomb or shell 
fragments, they do not safeguard against pressure damage Specific details on 
barricades are outlined in TM 9-1300 206. 
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Alternatives. Place magazines at locations determined according to safety, 
accessibility, dryness, and drainage. Safety and accessibility are the most 
important. An ideal location isa hilly area where the height of theground above 
the magazine provides a natural wall or barrier to buildings, centers of 
communication, and other magazines in the area. SidehiJI dugouts are not 
desirable since adequate ventilation and drainage are often hard to provide. 
Clear brush and tall grass from the site to lessen the danger of fire. 

Lightning protection. All magazines must have a grounded overhead lightning 

rod system. Connect all metal parts — namely, doors, ventilators, window 

sashes, and reinforcing steel — in several places to buried conduitsof copperplate 
or graphite rods. 

Field Expedient Structures 

Storage. When magazine construction is not possible, place explosives on 
pallets for all-around ventilation and store in— 

■ A well-drained dugout, excavated in a dry area and revetted with timber to 
prevent caving. 

■ An isolated building. 

■ A light wooden-frame box house with a wedge-type roof covered by 
corrugated iron or with a tent or canvas tarpaulin. 

Identification. Mark field expedient storage facilities by using signs on all four 
sides, and guard the facility. 

Temporary Magazines and Storage 

When necessary, limited supplies of explosives can be stored for several days in 
covered ammunition shelters that are separated so that fire or an explosion 
cannot be transmitted from one shelter to another. Piles of explosives tempo- 
rarily stored inthe open should contain no morethan 500 pounds andshould be 
placed no less than 140 feet apart. Pile explosive components separately. Keep 
explosives, caps, and other demolition materials stored temporarily in training 
areas in covered ammunition shelters and under guard at all times. Temporary 
storage operations should be guided by local safety SOPs and other regulations 
prescribed in TM 9-1300-206. 

DESTRUCTION TO PREVENT ENEMY USE 

Overview 

To prevent enemy use of explosives and demolition materials, specific proce- 
dures must be followed. Destruction of demolition materials is a unit command 
decision; whenever destruction orders are given, site selection and safety 
precautions are factors to be taken into account. 



Demolition procedures. Destroy damaged or unserviceable explosives and 
demolition materials by explosive ordnance disposal units as specified in 
AR 75-14, AR 75-1 5, TM 43-0001 -38, and FM 9 16. 
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Captured or abandoned demolition material. Demolition material that may be 
captured or abandoned will be destroyed by the unit when the unit commander 
decides it is necessary under the orders or policy of the Army commander. Such 
destruction is a command decision based on the tactical situation, security 
classification of the demolition materials,their quantity and location, facilities 
for accomplishing destruction, and time available. In general, burning or 
detonating, or a combination of these, isthe most effective means of destruction. 

If destruction to prevent enemy use is resorted to, explosive and nonexplosive 
demolition materials must be completely destroyed so they cannot be restored to 
usable condition in the combat zone. Equally important is that the same 
essential components of sets and kits must be destroyed so the enemy cannot 
assemble complete ones from undamaged components by cannibalization. 

If the destruction of demolition materials is directed, items to be considered are 
twofold — selection of a site that will cause the greatest obstruction to the 
enemy's movement but will prevent hazards to friendly troops from fragments 
and blast plus the observation of appropriate safety precautions. 

Methods of Demolition 

Burning and detonating, in that order, are considered the most satisfactory 
methods for destroying demolition materials to prevent enemy use. Information 
on the destruction of explosives and ammunition can be found in 
TM 9-1300-206 and TM 9-1300 214. 

Burning method. Destroy packed and unpacked high explosive items such as a 
linear demolition charge, shaped demolition charge, block demolition charge, 
dynamite stick, detonating cord, firing device, time blasting fuse, and similar 
items quickly and effectively by burning. Stack blasting caps, set aside for 
destruction by burning, in separate piles and not with other explosives. The 
burning method is done as follows: 

■ Stack the explosives in 2 pile, if possible (not over 2,000 pounds to a pile), over 
a layer of combustible material. 

■ Ignite the pile by means of a combustible train (excelsior or slow-burning 
propellant) of suitable length, and take cover immediately. The danger area 
for piles being burned in the open is calculated from the safe distances given 
in Table 5-1 (never less than 400 meters}. 
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metric charge calculations 
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A-1 . Introduction 

The following metric equivalent charge calculation formulas are included 
because of NATO requirements. Problems, solutions, andtables with measure- 
ments converted to the metric system are presented. 

A-2. Characteristics of Demolition Charges 

The characteristics of the standard US Army demolition charges, expressed in 
the metric system, are given in Table A-1. 

A-3. Timber-Cutting Formulas 

a. Tamped internal charges. 

(1) Formula: ^ = . where, 

3500 

K - kilograms of TNT required, 

D - diameter of timber in centimeters, and 
3500 = constant. 



Table A-1 . Characteristics of principal US explosives (metric) 



Item 


Detonating 
velocity, m/sec 


Relative 

effectiveness 


Weight per 
block, kg 


TNT block. Vi lb 


6,900 

t 


1.00 


.113 


TNT block. V> lb 


227 


TNT block, 1 lb 


454 


M2 block. 2/i lb, 
Tetrylol 


7.000 


1.20 


1 134 


M3 block, 2'/i lb, 
C2 or C3 


7.625 


1.34 


1 021 


M5A1 block. IV: 
lb. Comp C4 


8.040 


1 34 


1 .134 


Ml 12 block. 1V4 
lb. Comp C4 


8,040 


1 34 


567 


Ml 18 block. 2 lb. 
(PETNJ 


7.040 | 


1.14 


block — 907 kg 
sheet — . 1 1 3 kg 


Ml 86 roll.. 25 lb. 
(PETN) 


7.040 


1 14 


roll - 1 1.34 kg 
sheet — 744 gm 

per m or 
1.00 kg 
per 1 .34 m 


Ammonium nitrate. 
40 lb. cratering 
charge 


3,400 


0.42 


18.14 


MI military 
dynamite, /? lb 


6,100 


0.92 


227 


M2A4. 1 5-lb. 
shaped charge 


NA 


NA 


6.80 


M3A1 , 40-lb, 
shaped charge 


NA 


NA 


18 14 


M 1 83 demolition 
charge assembly 


NA 


1.34 


9.07 



A-1 



NA - not applicable. 
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(2) Example: (Figure 3-1 on page 3-6) 

3500 

35 2 1225 

3500 3500 

K = .350 kg; 

Use .454 kg (1 lb) of TNT 
b. Untamped external charges. 

(1) Formula: % - P 2 „ where, 

560 

K - kilograms of TNT required, 

D = diameter of timber in centimeters, 
and 

560 = constant. 

(2) Example: A timber is 30 centimeters thick. 



D 2 

K = 

560 

= 30 3 _ 90° 

560 560 

K= 1 .61 kg r 

Use 1.816 kg (4 lb) of TNT 
c. Abatis charge. 

(1) Formula: ^ = where, 

700 

K = kilograms of TNT required, 

D = diameter of tree in centimeters, 
and 

700 = constant. 

(2) Example: A tree is 45 centimeters in diameter 



700 

K = = 2025 

700 700 

K =2.89 kg of TNT 

2 89 

K{ C4) = — : — = 2.16 kg ofC4 

1.34 

Use 2.268 kg (5 lb)of(C4). 
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A-4. Steel-Cutting Formulas 

a. Structural steel. 



(1) Formula: K = 



A 



38 



where. 



K - kilograms of TNT required, 

A - cross sectional area in square 
centimeters, and 
38 = constant. 

(2) Example: {Figure 3-5 on page 3-1 1) 



Flange Area - 2 x 1 .3 x 1 2.7 - 33.02 sq cm or 33 sq cm 
Web area = 1 x 28 - 28 sq cm 
A (total) = 33 + 28 = 61 sq cm 

38 38 

/f = 1.61 kg 

Use 1.816 kg {4 lb} TNT. 

b. Formula for other steels. 



(1) Formula: K = where, 

14 

K = kilograms of TNT required, 

D = diameter of section to be cut in centimeters,and 
1 4 - constant. 

(2) Example: A steel shaft is 5 centimeters in diameter. 

14 14 

K = 1 .786 kg 

Use 1.816 kg {4 lb) TNT. 



c. Table of steel-cutting charges. Table A-2 gives the correct weight of TNT 
necessary to cutstructural steel sectionsof various dimensions calculated from 
the formula K - A 

38 

Table A-2. Steel-cutting charges (metric) 



Average [ Kilograms of TNT for rectangular structural steel section of given dimensions 



thickness Width of section, cm 

of section . . , 



VI OCCUUII, 

cm 


4.0 


6.0 


B1 




15 


20 


25 


30 


35 


40 


50 j 


60 


0.5 


06 


.OB 


1 1 


.13 


.20 


27 


.33 


.40 


46 


53 


66 i 


79 


1.0 


.1 1 


.16 


.21 


27 


.40 


.53 


.66 


.79 


93 


1 06 


1 

1.32 


1.58 


1.5 


.16 


.24 


.32 


.40 


.60 


.79 


.99 


1.19 


1 39 


1.58 


1.98 


2.37 


2.0 


21 


.32 


.42 . 


.53 


79 


1.06 


1 .32 


1 58 


1.85 


2.1 1 


2.64 


3.16 


2.5 


.27 


.40 


.53 ; 


66 


.99 


1.32 


1.65 : 


1.98 


2.31 


2.64 


3.29 


3 95 


3.0 


32 


.48 


.64 


.79 


1.19 


1.58 


1.98 


2.37 


2.77 


3.16 


3.95 


4 74 


3.5 


.37 


56 


.74 


93 


1.39 


1.85 


2 31 


2.77 


3.23 


3 69 


4 61 


5 53 
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A-5. Pressure Charges for T-Beams 

Formula: K - 48 H 2 J where, 

K - kilograms of TNT required, 

H = height of T beam in meters, 

T = thickness of beam in meters, and 
48 = constant. 

H and J are measured to nearest . 1 0 meter, but never considered 
less than .30 meter. 

NOTE: Minimum Jamping of 30 centimeters is requrred The 
value calculated must tie increased by one third, if untamped 



A-6. Breaching Charge 

a. Formula: K - R s MC where, 

K - kilograms of TNT required, 

R - breaching radjus in meters, 

M- material factor, given in Table A-3, winch reflects the 
strength, hardness, and mass of the material to be 
demolished, 

C - a tamping factor, given in Figure 3 1 2 on page 3-19, which 
depends on the location and tamping of the charge. 



Table A-3. Value of material factor M calculation of breaching charges {metric) 



Material j 


Breaching radius 


M 


Ordinary earth 


All values 


1 12 


Poor masonry. 


Less than 1 .5 in 


5.13 


shale, hard- 


15 m or more 


4.64 


pan; good 






timber and 






earlh con- 






struction 






Good masonry 


.3 m or less 


14 09 


Ordinary con- 


Over 3 to less than 1 m 


7.69 


crete 


1 lo less than 1.6 m 

1 


6 41 


Rock 


1 .5 lo less than 2 m 


5.13 




2 m or more 


4.32 


Dense concrete 


.3 rri or less 


13.26 


First-class 


Over .3 to less than 1 m 


9.93 


masonry 


1 to less than 15m 


8 33 




1 .5 to less than 2 m 


6.57 




2 m or more 


5.61 


Reinforced 


.3 m or less 


28 19 


concrete 


Over .3 to less Ilian 1 m 


15 38 




1 to less than 1 .5 rn 


1 2 81 




1 .5 to less than 2 m 


10 09 




2 m or more 


8 65 



A-4 
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b. Breaching radius. The breaching radius(/?) is the distance in meters which 
an explosive charge must penetrate and within which ail material is displaced or 
destroyed. The breaching radius is rounded up to the next highest Vi- meter. For 
example, to breach a 2 9-meter concrete wall by placing a charge on one side, 
the value of R in the formula K - R 3 MC is 3 0 meters 

c. Material factor. The values of the material factor (M) for various types of 
construction are given in Table A-3. 

d. Tamping factor. The values of the tamping factor, C, depend on the location 
and tamping of the charge. No charge is considered fully tamped unless it is 
covered to a depth equal to the breaching radius. The values for C are given in 
Figure 3-1 2 on page 3-19. 

e. Example. Determine the amount of C4 (Ml 1 2 blocks) required to breach a 

dense concrete pier 1.5 meters thick with untamped charges placed on the 

ground 

■* 

R - 1.5 meters 

C = 3.6 (untamped, on ground. Figure 3-12 on page 3-19). 

M - 6.57 (dense concrete. Table A-3) 

K = /? 3 MC 

K= 1.5 3 x 6.57 x3.6. 

K = 79.8 kg of TNT per charge 

AT(C4) = 79.8 

1.34 

K{CA) = 59.6 kg of C4 

Use 1 06 Ml 1 2 blocks of C4 (60.1 kg) per charge 
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use of land mines, aerial bombs, 

shells,and foreign explosives as 
demolition charges 

B-1 . Introduction 

a. When land mines, aerial bombs, and shellsare used as demolition charges, 
special precautions must betaken because of flying steel fragments. The use of 
such mines, bombs, and shells is usually uneconomical but may at times 
become necessary or desirable. Such material may be issued from captured or 
friendly supply stocks or, in the case of land mines, may be those recovered from 
enemy or friendly minefields. In no case should unexploded dud shells or bombs 
be used for demolition purposes. 

b. When necessary, explosives of allied nationsor thosecaptured from enemy 

supply stocks may be used to supplement or used in lieu of standard explosive 
charges. 

B-2. Land Mines 

a. Safety precautions. Only defuzed mines should be used in demolition 
charges; fuzed mines recovered from minefields may be sensitive because of 
near misses and may be detonated by even normal handling. The use of enemy 
mines salvaged from minefields or dumps isregulated by directives issued from 
headquarters of the theater concerned. United States and foreign land mines 
are described in detail in TM 5-280. 

b. Charges. In calculating demolition charges when using mines, only the 
explosive weight is considered. Normal explosive quantities may be used for 
cratering or pressure charges with mines; but, because of poor contact of the 
mine case against irregularly shaped objects, it may be necessary to increase 
cutting charges considerably Test shots will determine the results to be 
obtained under given conditions. Listed are antitank m ines in current use by the 
United States and in current use or obsolete in foreign armies with their 
explosive weights. Information, however, on the type of explosive used is not 
always available. 



(1 ) United States 



Type Mine 


Explosive 


Ml 5 AT (metallic) 


22 lb TNT 


M19 AT (nonmetallic) 


21 lb TNT 


M21 AT (metallic) 


1 0 Vs lb Comp. H6 


(2) Foreign mines 




(a) Belgium 




PRB-4 AT 


20 lb Hexogen 


(b) Communist China 




Dual-purpose No 4 (metallic) 


4.5 lb TNT 


(c) Czechoslovakia 




PT-Mi-K AT (metallic) 


1 1 lb TNT 


PT-Mi-Ba AT (plastic) 


12 lb TNT 


Na-Mi-Ba AT (plastic) 


5 3 lb Tritol 


TG-Mi AT (cardboard) 


11 .5 lb TNT 
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(d) Finland 



M 36 AT {metallic} 8 lb TNT 

M 39 AT {metallic) 8.8 lb TNT 



{e) France 

Ml 948 AT {metallic} 

Ml 948 plate charge AT (metallic) 
M1951 shaped charge AT (metallic) 
M1951 AT (caseless) 

Ml 951 AT (plastic "grille''} 

(f) Japan 

Model 63 Heavy AT 

(g) Netherlands 
Type II AT imetalJicI 

{h) South Korea 

Heavy AT mine (metallic) 

Type I dual-purpose (metallic} 

Type II dual-purpose (metallic) 

(t) USSR 

TMD-B AT (wooden) 

TMN 46 AT (metallic) 

YaM 5 AT 

(j) United Kingdom 

Mark 4 GS AT (metallic) 

Mark 5 GS AT (metallic) 

Mark 5 HC AT (metallic) 

Mark 7 AT (metallic) 



1 1 5 lb TNT or military dynamite (MD) 

I 5.2 TNT or picric acid* 

4 to 5 lb kexolite 

14.3 lb cast TNT 

II to 16 Jb PETN 



24.2 lb Comp. B 



9 lb 



22 lb TNT 
5.7 lb TNT 
4.5 lb TNT 



11 to 15 lb amatol, dynammonite TNT 
or picric acid* 

12 .6 lb TNT 

8 to 1 1 lb TNT or amatol 



8.25 lb TNT 
4.5 lb TNT 
8.3 lb TNT 
19.6 lb TNT 



c. Priming. Land mines are detonated by meansof a pound of explosive placed 
on the pressure plate. If large quantities of mines are to befired simultaneously, 
several mines are primedto ensurecompletedetonation. Detonation of a single 
mine normally detonates other mines in contact with it. 



(*Picric acid corrodes metals, forming extremely sensitive compounds, easily 
detonated. Mines loaded with this explosive should not be handled except to 
move them to a safe disposal area for destruction.) 
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B-3. Aerial Bombs 

a. Use. General purpose aerial bombs may be used satisfactorily as demolition 
charges but are more effective as cratering charges. Their shape makes them 
inefficient for demolitionsrequiring close contact between the explosive and the 
target. Precautions must be taken to avoid damage to installations and injury to 
personnel because steel fragments of the bomb case are thrown great 
distances. Before using a bomb, it must be positively identified as a general- 
purpose bomb. 

b. Charges. The explosive content of bombs is approximately half their total 
weight. Table B-1 gives the weight of high explosive in various types of general- 
purpose bombs Approximately 20 percent of the explosive power is expended in 
shattering the case. 

c. Priming. Bombs under 500 pounds weight are detonated by firing a 
5-pound explosive charge in good contact with the middle of the case. Bombs of 
500 pounds or moreare detonated by a 10- pound charge similarly placed Fuzes 
should not be positioned on the nose or tail. To ensure detonation, large bombs 
should be primed separately. 



Table B-1 . Explosive contents of general-purpose bombs 





Total 


Explosive 




weight. 


weight. 


Bomb 


lb 


lb 


Old series: 






100-lb GP, AN-30A1 


120 


57 


250-lb. GP, AN-M57A1 


261 


125 


500-lb, GP. AN-M64A1 


549 


266 


1,000-lb, GP. AN-M65A1 


1,064 


555 


2.000-lb, GP, AN-M66A2 


2,1 13 


1,098 


New series: 






750-lb. GP. Ml 17 


823 


386 


3.000-lb, GP. Ml 18 


3,049 


1.975 


Low drag: 






250-lb. GP. MK81 Mod 1 


260 


100 


500-lb, GP. MK82 Mod 1 


531 


192 


1 .000- lb, GP, MKB3 Mod 3 


985 


445 


2.000-lb, GP. MK84 Mod 1 


1,970 


945 


Low drag: Snakeye 1: 






250-lb, GP. MK81 Mod 1, 






Snakeye 1 


300 


too 


500-lb, GP, MK82. Mod 1, 






Snakeye 1 


560 


192 
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B-4. Artillery Shells (Nonnuclear) 

Artillery shells are used for demolition only where a fragmentation effect is 
desired. Because of their low explosive content they are seldom used for other 
demolition purposes. The 1 05'millimeter howitzer high explosive (HE) shell, 
which weighs 33 pounds, contains only 5 pounds of explosive; while the 
155 millimeter howitzer shell contains only 15 pounds. Shells up to 240 
millimeters are detonated by 2 pounds of explosive placed in good contact with 
the case, just forward of the rotating band. To ensure complete detonation, a 
charge should be placed on each shell. The M10 universal explosive destructor 
may be used to detonate projectiles or bombs that have 1 .7- or 2-inch diameter 
threaded fuze wells. The booster cavities of bombs and large projectiles should 
be filled to the full depth by adding booster cups to the M10 destructor as 
required. 



B-5. Foreign Explosives 

a. Uses. Foreign explosives may be used to supplement standard US 
demolition charges or, in certain cases, used instead of them. Such explosives, 
however, should be used only by experienced demolition personnel and then 
only according to i nstructions and directives issued by theater commanders. The 
most common types of foreign explosives are listed in TM 9-1 300-21 4. 



b. Priming. Most foreign explosive blocks have cap wells large enough to 
receive US military blasting caps; however, these charges must be test fired 
with US military blasting caps to ensure positive detonation. In certain instances 
it maybe necessary to initiate the explosives by useof a standard US demolition 
block primed with a blasting cap. 
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C-1 . Use of Expedient Techniques 

These techniques are not presented as a replacement for the standard 
demolition methods but for use by experienced blasters in special projects. 
Availability of trained soldiers, time, and material will usually determine their 

use. 

C-2. Shaped Charges 

a. Description. Shaped charges concentrate the energy of the explosion 
released on a small area, making a tubular or linear fracture in the target. Their 
versatility and simplicity make them effective against many targets, especially 
those made of concrete or those with armor plating. Shaped charges may be 
improvised (Figure C-1). Because of the many variables, such as explosive 
density, configuration, and density of the cavity liner, consistent results are 
impossible to obtain. Thus experiment, or trial and error, is necessary to 
determine the optimum standoff distances. Plastic explosive is best suited for 
this type of charge. Dynamite and molten TNT, however, may be used as an 

expedient. 

b. Preparation. Almost any kind of container is usable. Bowls, funnels, cone- 
shaped glasses(champagne glasses with the stem removed), andcopper, tin, or 
zinc may be used as cavity liners; or wine bottles with a cone in the bottom 
(champagne or cognac bottles) are excellent. If none of these is available, a 
reduced effect is obtained by cutting a cavity into a plastic explosive block. 
Optimum shaped charge characteristics are; 

(1) Angle of cavity = between 30° and 60° [most high explosive antitank 
(HEAT) ammunition has a 42° to 45° angle]. 

(2) Standoff distance =1 V? x distance of cone. 

(3) Height of explosive in container = 2 x height of cone measured from the 
base of the cone to the top of the explosive. 

(4) Point of detonation = exact top center of charge. Cover cap, if a ny part of it 
is exposed or extends above the charge, with a small quantity of C4 explosive. 

NOTE: The narrow necksof botllesorthe stems of glasses may be 
cut by wrapping them with a piece of soft, absorbent type of twine 
or string soaked in gasoline and lighting it. Two bands of adhesive 
tape, one on each side of tbe twine or string, will hold K firmly in 
place The bottle or stem must be turned continuously with the 
neck up, to heat the glass uniformly Also, a narrowbandof plastic 
explosive placed around the neck and burned gives the same 
result. After the twine or plastic has burned, submerge the neck of 
the bottle in water and tap it against some object to break at off. 

Tape the sharp edge of the bottle to prevent cutting hands whale 
tamping the explosive in place. 



STANDOFF 
DISTANCE 
IV? CONE DIAM 



PLASTIC 

EXPLOSIVE BOTTLE 






CONE CONE 
DIAM 



STICKS TAPED CAP 
TO SIDE AS 
STANDOFF 

Figure C-1. Improvised shaped charge 
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C-3. Platter Charge 

This device utilizes the Miznay-Shardin effect. It turns a metal plate into a 
powerful blunt-nosed projectile (Figure C-2). The platter should be steel 
(preferably round, but square is satisfactory) and should weigh from 2 to 6 
pounds. 



EXPLOSIVE 




PLATTER 



a. Calculations. Weight of explosive = approxi mately the weight of the platter. 

b. Preparation. 

(1) Pack the explosive uniformly behind the platter. A container is not 
necessary if the explosive can be held firmly against the platter. Tape is 
acceptable. 

(2) Prime the charge from the exact rear center. Cover cap, if any part is 
exposed, with a small quantity of C4 explosive to ensure detonation. 

(3) Aim the charge at the direct center of the target. 

c. Effect. The effective range (primarily a problem of aim) is approximately 35 
yardsfor a smalltarget. With practice, a demolitionist may hit a 55-gallon drum, 
a relatively small target, at 25 yards about 90 percent of the time. Agutted M60 
fuze igniter can be used as an expedient aiming device. 

C-4. Grape Shot Charge 

This charge consists of a container, preferably a No 10 can, projectiles (small 
pieces of steei), buffer material, an explosive charge, and a blasting cap. These 
are assembled as shown in Figure C 3. 

a. Computation. The weight of the explosive = approximately V\ x the weight 
of the projectiles. 

b. Preparation. 

(1 ) Assemble the projectiles, a few inches of buffer material (earth, leaves, 
wood, felt, cloth, cardboard, and so forth), andthe explosive charge. Thisshould 
be C4, packed firmly. 
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(2) Prime the charge from the exact rear center. Cover the cap, if any part is 
exposed, with a small quantity of C4 to ensure detonation. 

(3) Aim the charge toward the center of the target. 

C-5. Dust Initiator 

This device consists of an explosive charge (powdered TNT or C3; C4 will not 
properly mix with the incendiary), an incendiary mix {two parts of aluminum 
powder or magnesium powder to three parts of ferric oxide), and a suitable 
finely-divided organic material (dust) or a volatile fuel such as gasoline called a 
surround. The dust initiator is most effective in an enclosed space, like a box car 
or a warehouse or other relatively windowless structure. At detonation, the 
surround is distributed throughout the air within the target and ignited by the 
incendiary material. 

a. Computation. 

(1 ) Charge size = 1 pound (V? explosive, V? incendiary mix). 

(2) Cover size = 3 to 5 pounds of each 1 ,000cubic feet of target. The 1 -pound 
charge will effectively detonate up to 40 pounds of cover 

b. Preparation. Powdered TNT maybe obtained by crushing it in a canvas bag. 
The incendiary mix must be thoroughly dispersed throughout the explosive. A 
great number of dust materials may be used as cover, among which are coal 
dust, cocoa, bulk powdered coffee, confectioners sugar, tapioca, wheat flour, 
cornstarch, hard rubber dust, aluminum powder, magnesium powder, and 
powdered soap. If gasoline is used, 3 gallons is the maximum, since more will 
not disperse evenly in the air and thus give poor results. 



EXPLOSIVE BUFFER 




Figure C-3. Grape shot charge 
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C-6. Improvised Cratering Charge 

This charge is a mixture of ammonium nitrate fertilizer containing at least 
33 1/3 percent nitrogen and diesel fuel, motor oil, or gasoline at a ratio of 
25 pounds of fertilizer to a quart of fuel. The fertilizer must not be damp. From 
this mixture, improvised charges of almost any size or configuration can be 
made. Proceed as follows: 

a. Pour the liquid on the fertilizer. 

b. Allow the mixture to soak for an hour. 

c. Place about half the charge in the borehole. Then place the primer, a 
primed 1 -pound block of TNT, and add the remainder of the charge. {Never leave 
the charge in the borehole for a long period, since accumulated moisture 
reduces its effectiveness.) 

d. Detonate the charge. 

C-7. Ammonium Nitrate Satchel Charge 

Although the cratering charge is excellent, it is suitable only for cratering. A 
more manageable charge may be used by mixing ammonium nitrate fertilizer 
with melted wax instead of oil. The primer is set in place before the mixture 
hardens. 

a. Preparation. 

(1 } Melt ordinary paraffin and stir in ammonium nitrate pellets, making sure 
that the paraffin is hot while mixing. 

(2) Before the mixture hardens, add a half-pound block of TNT or its 
equivalent as a primer. 

{3) Pour the mixture into a container. Shrapnel material maybe added to the 
mixture if desired or attached on the outside of the container to give a shrapnel 
effect. 

b. Use. Because the wax and fertilizer may be molded into almost any size or 
shape, it may be applied to a great many demolition projects with satisfactory 
effects. 




power requirements 
for series firing circuit 
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D-1 . Series Circuit 

In demolition projects, electric blasting caps are connected in seriesandfired by 
an electric power source (blasting machine}. A series circuit provides a single 
path for the electrical current which flows from one firing wire through each 
blasting cap to the next blasting cap and back to the other firing wire. A series 
circuit should not contain more than 50 blasting caps. The connection of more 
than 50 caps in a series circuit increases the hazard of breaks in the firing line or 
cap leads prior to the initiation of some caps. 

D-2. Ohm's Law 

The amount of voltage necessary to detonate the blasting caps in these circuits 
is calculated by the use of the basic law of electricity, Ohm s Law. Ohm s Law is 

as follows: 



E 

E = electric potential, or voltage, expressed in volts. 

/ = current, expressed in amperes. 

R = resistance, expressed in ohms. 

D-3. Electric Power Formula 

Electrical power is computed by means of the following formula: 

W = / 2 /? 

W = electrical power, expressed in watts. 
t - current, expressed in amperes. 

R - resistance, expressed in ohms. 

D-4. Electrical Characteristics of Electric Blasting Caps 

The current needed to fire military electric blasting caps connected in series 
should be at least 1 .5 amperes regardless of the number of caps. The resistance 
of a military electric blasting cap is 2 ohms. 

D-5. Resistance of a Circuit 

Resistance is computed to ensure that the power source is adequate to fire all 
charges connected to the circuit Both the blasting caps and the wire contained 
in a circuit contribute to the total resistance of that circuit. This resistance is 
computed from the individual resistances of the blasting caps and the wire. The 
resistance of the wire used in a circuit depends upon its size and the length. 
Table D-1 on page D-2 gives the resistance per 1 ,000 feet of various sizes of 
copper wire. The total resistance in a series circuit is the sum of the resistance of 
the various components of that circuit. 

0-6. Calculations for a Series Circuit 

Complete calculations for any circuit involve determination of the current 
(amperes), the voltage (volts), and the power (watts) needed to fire the circuit. 
Computation of the voltage and of the power requires the determination of the 
resistance (ohms) in the system. 
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a. Current requirements. The current required for a series-connected system 
of special electric blasting caps is 1.5 amperes, regardless of the number of 
Wasting caps in the circuit. 

b. Resistance. The resistance of the system is computed as described in 
paragraph D-5. 

c. Voltage requirements. Using Ohm's Law, £=/tf, the voltage needed is 
computed by multiplying the required currentfl .5 amperes) by the resistance of 
the system. 

d. Power requirements. By meansofthe electrical power formula, W-RR, the 
number of watts of power needed may be found by multiplying the squareof the 
current required (1 5 L ’ = 2.25) by the resistance of the system. 

e. Example. Determine the current, voltage, and power required to detonate 
the blasting caps of a circuit consisting of 20 special electric blasting caps 
connected in series, and 500 feet of the standard 2-conductor, 18-gage firing 
wire. 

(1 ) Current required =1.5 amperes (see a) 

(2) Resistance. 

20 blasting caps = 2.0 x 20 = 40 
1 ,000 feet No 1 8 wire (Table D-1 ) - 6.4 
Total resistance = 46.4 ohms 



MOTE: As 500-foot firing wire consists of 2 strands of No 18 wire 
each 500 feel long. 1 ,000 feel of wire used in the computation 
for resistance. 



Table D-1 Resistance of various sizes of copper wire 



1 


2 


3 


4 


Size of copper wire 








Length of 


Resistance of 




Diameter. 


wire to weigh 


1 ,000 ft of wire 


AWG (B&S) gage no 


in 


1 lb, 

ft/ lb 


ohms' 1 ,OO0 ft 


2 


J li.: i 


50 


0.2 


4 


' 4 


/ 9 


3 


b 


1 b 


12 6 


4 


8 


1 t 


20 0 


6 


10 


1 U> 


31 8 


1 0 


12 


1 1 i 


50 


1 6 


14 


1 1r, 


; ao 


2 5 


15 1 


1 JO 


128 


4 0 


18 


1 


203 


4.0 


20 


1 JU 

— 


323 


10 2 
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{3) Voltage: 

E ~ IR 

£ = 1 .5 x 46.4 = 69.6 volts 
(4) Power: 

W - R R 

£ = 1 .5 2 x 46.4 = 2.25 x 46.4 = 

£ = 1.5 2 x 46.4 = 2.25 x 46.4 = 

1 04.4 watts 

D-7. Calculated Voltage Drop 

In each of the examples given in (a), the voltage drop {/R) jn the blasting circuit 
was calculated by the use of Ohm's Law. In practice, if the calculated voltage 
drop exceeds 90 percent of the available voltage, it is recommended that the 
resistance of the circuit be decreased or the voltage be increased. 

D-8. Capacity of Power Sources 

a. Determining capacity of power sources. It is possible to determine from 
* the nameplate amperage and voltage rating whether the power source is 
suitable for firing an electric circuit computed by the methods presented. 
Frequently, however, the size of a circuit that may be fired with current from a 
given power source may be determined by consulting Table D-2, which gives the 
maximum capacities of some power sources. If it is necessary to calculate the 
capacity of a given generator from the nameplate data, proceed as follows: 

(1 } Divide 90 percent of the generator voltage {paragraph D-6) by the total 
amperage of the circuit, 1 .5 amps, to determine the maximum resistance in 
ohms that may be in the circuit. 

{2} Subtract the total wire resistance from the maximum allowable circuit 
resistance to determine the maximum allowable resistance of the caps in the 
circuit 



Table D-2. Maximum circuit capacities of various power sources 



1 


2 


3 


4 




5 


6 


7 


8 


9 


10 


Circuit design 


Total 

• 

number j 
of caps 
in 

circuit 




Power Source 


10-cap 

blasting 

machine 


30-cap 

blasting 

machine 


1 

■» 

50- cap 

blasting 

machine 


V/r-kw I 

portable 

generator, 

115-V, 

1 3 V2- A 


3-kw 
portable 
generator. 
1 1 5-V, 
26 A 


5-kw 

portable 

generator, 

115-V, 

4 3 Vi- A 


3-kw 
portable 
generator. 
220- V, 
13 Vi- A 


5-kw 
portable 
generator, 
220 V, 
22 Vi- A 




The circuits below are connected by one 500-foot standard two-conductor firing reel 


10 caps in continuous 


10 


X 


X 


X 


X 


x 


X 


x ! 


X 


series 




















30 caps in continuous 


30 




X 


X 


X 


x 


X 


X 


X 


series 




















50 caps in continuous 


50 






X 




• 




X 


X 


series 
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(3) To calculate the maximum number of caps, divide the allowable 
resistance of the caps in the circuit by the resistance of one cap (2.0 ohms). 

b. Example. Determine the number of military electric blasting caps in series 
that may be fired by a 220-volt, 13V?-ampere generator using 500 feet of 
20-gage connecting wire. 

(1 ) Allowable resistance of circuit = 

{0.90)(220) 

1 32 ohms (paragraphs D-6 and D-7) 

(1.5) 

(2) Resistance of firing wire - (1Q-2)(500) _ ^ ^ 

1 ,000 

(Table D-1). 

(3) Allowable resistance of caps for a seriescircuit = 132-5.1 =1 26.9 ohms. 

(4) Number of blasting caps allowed in the series 
rim lit 126.9 

circuit = ____ = 63.4 or 63 caps (a3) 

c. Use of storage batteries and dry cells. The size of a circuit that may be fired 
by a battery or dry ceil may be determined by following the same procedure as 
that outlined in (a)(1) through (3). 

For safety, disconnect the battery terminal prior to 
disassembly of the equipment where there is danger 
from shorting across the battery circuit. In re- 
assembly, make the battery terminal connection last. 



WARNING 
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appendix e 



DA Form 2203-R 

(Demolition 

Reconnaissance Report) 



This appendix provides a blank copy of DA Form 2203-R (Demolition Recon- 
naissance Report). This form is not available through normal supply channels. 
Jt may be reproduced locally on 8 Y 2 x 11 inch paper. 
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DEMOLITION RECONNAISSANCE REPORT 
For use of this Form see FM 5-25. The proponent agency is TRADOC. 



SECTION I - GENERAL 



1. FILE No 



2. DML RECON RPT No 



NAME 



3. DATE 



b. RECON 
RDERED BY! 






PARTY 

LEADER 



GRADE 



4. TIME 



ORGANIZATION 



7 o MAP 

NAME 

8 „ TARGET AND LOCATION 



SCALE 



SHEET fr 



9. TIME OBSERVED 



SERIES # 



11. CENERAL DESCRIPTION (attach sketches) 



10. COORDINATES 



p.2. NATURE OF PROPOSED DEMOLITION (attach sketches) 



13. UNUSUAL FEATURES OF SITE 



p-4 . EXPLOSIVES REQUIRED 



h. Types 



SECTION II - ESTIMATES* 



b. Quantity 



c . Caps 



Elec- 

tric 



Nonelec- 

tric 



d. Detonating 
Cord 



c . T ime 
Fuse 



f . Fuse 
Lighters 



a 

■o 



. Firing 
Wire 



15. EQUIPMENT AND TRANSPORT REQUIRED 



16. PERSONNEL AND TIME REQUIRED FOR: 



b. PREPARING AND PLACING THE CHARGES 



NCOV 






b. ARMING AND FIRING THE DEMOLITION 



Men 
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Time 



17. - 



TIME, LABOR AND EQUIPMENT REQUIRED FOR BYPASS; SPECIFY LOCATION AND METHOD 



Determine, availability of Items 14, 15 and 16 be lore reconnaissance 
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SECTION 1. ABBREVIATIONS AND ACRONYMS 



A 


ampere(s) 


ADM 


atomic demolition munition 


ANFO 


explosive mixture of ammonium nitrate and No 2 diesel fuel 


AT 


antitank 


approx 


approximately 


CEV 


combat engineer vehicle 


cm 


centimeter(s) 


Comp 


Composition 


da 


day(s) 


DA 


Department of the Army 


DC 


direct current 


diam 


diameter 


F 


Fahrenheit 


ft 


foot/ feet 


ft/ sec 


feet per second 


gm 


gram(s) 


GP 


general purpose 


GTA 


graphic training aid 


HE 


high explosive 


HEAT 


high explosive antitank 


HEP 


high explosive plastic 


hr 


hour{s) 


in 


inch(es) 


lb 


pound(s) 


kg 


kilogram{s) 


kw 


kilowatts) 


m 


meters) 


m/sec 


meters per second 


max 


maximum 


MD 


military dynamite 


MICLIC 


mine-clearing line charge 


min 


minimum; minute 


mm 


miNimeter(s) 
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NA 


not applicable 


NATO 


North Atlantic Treaty Organization 


No(s) 


number(s| 


PETN 


pentaerythrite tetranitrate 


POL 


petroleum, oil and lubricants 


PVC 


polyvinyl chloride 


QSTAG 


quadripartite standardization agreement 


RDX 


cyclonite 


RE 


relative effectiveness 


RF 


radio frequency 


sec 


secondfs} 


SOP 


standing operating procedures 


sq cm 


square cent i met erfs) 


STANAG 


standardization agreement 


temp 


temperature 


TNT 


trinitrotoluene 


US 


United States 


V 


volt(s) 


w/ 


with 


W 


watts 


wt 


weight 




SECTION II. SYMBOLS 


* 


feet 




inches 


X 


by; times 


o 


degree(s) 


— 


equals 


-V 


plus 




minus 


c 


centerline 
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index 



abatis, 3-9 

abutments. See destruction of 
abutments, bridge 
adhesive, supplementary, for 
demolition charges, 1-32 
adhesive paste. Ml, 1-32 
adhesive tape, pressure sensitive, 1-32 
ADMs, use of in 

airfield destruction, 4-76 
denial operations. 4-43 
obstacle creation, 4-43 
aerial bombs. See bombs 
amatol, 1-6 

ammonia dynamite, 1-15 
ammonia-gelatin dynamite, 1-15 
ammonium nitrate 

block demolition charge (cratering), 1-12 
characteristics, 1 -5 
satchel charge, C-4 
ANFO, 1-5 

antennas, transmitters, hazard, 2-15 
antitank ditches, 3-31 
artillery shells, use of, B-4 
atomic demolition munitions. See ADMs 
authority, destruction, 5-6 
Authorized Commander, 4-4 
barriers, demolition, 4-1 
black powder, 1 -6 
blast effect, hazard, 5-2 
blasting cap holder, M8, 1-31 
blasting cap test set, M51 , 1 -35 
blasting caps 

definition, 1 -29 
electric, 1-29 

electrical characteristics, D-1 
nonelectric, 1 -30 
special electric, M6, 1-30 
blasting galvanometer. See galvanometer, 
blasting 

blasting machines 
fifty-cap, 1 -38 
M32 1 0-cap, 1 -37 
M34 50-cap, 1 -38 
Ml 22 demolition firing device, 
remote controlled, 1-38 
one hundred-cap, 1-38 
ten-cap, 1 -36 
thirty cap, 1 -37 



block demolition charges. See charge, 
demolition 
bombs, use of, B-1 
boulder removal, 3-36 
branch lines, detonating cord, 2-17 
breaching charges 

breaching radius, /?. 3-1 9, A-5 
charge configuration, 3-22 
critical factors, 3-23 
material factor, K, 3-19 
metric formula, A-4 
number of charges, 3-21 
placement of charges, 3-21 
tamping factor, C, 3-18 — 3-19, A-4 — A-5 
breaching radius, R, 3-19, A-5 
bridges 

Bailey, 4-72 

bascule (drawbridge), 4-69, 4-70 
demolition vaults in, 4-65 
fixed, 4-45, 4-57 
floating, 4-45, 4-70 
movable, 4-45, 4-69 
substructure, definition, 4-46 
superstructure, definition, 4-47 
swing-span, 4-69 
vertical lift, 4-69, 4-70 
brisance, definition, 1-2 
C4. See Composition C4 
cap crimper, M2, 1-33 
capacity of electric power sources, D-3 
cartridge, M123E1, 165-mm, 1-46 
charge, cratering. See cratering charge 
charge, demolition 

assembly. Ml 83 (satchel charge), 1-18 
block: 

ammonium nitrate, 40-lb (cratering), 1 -12 
Ml 1 2, Composition C4, 1-10 
Ml 1 8, 1-10 
TNT, 1 -8 

characteristics, metric, A-1 
roll. Ml 86, 1-11 
shaped: 

improvised, C-1 
M2A3, 15-lb, 1-17 
M2A4, 15-lb, 1-17 
M3, 40-lb, 1-17 
M3A1, 40-lb, 1-17 
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charges 

breaching, 3 18 
cratering, 1-12 
ditching, 3-31 
external, 3-4 
internal, 3-4 
land-clearing, 3-35 
springing, 3-37 
steel-cutting, 3-9, A-3 
timber-cutting, 3-5, A-1 
Composition A3, 1-6 
Composition 8, 1-6 
Composition B4, 1-6 
Composition C4 

characteristics, 1-7 
Ml 1 2, block demolition charge, 1-10 
counterforce charge, 3-22 
cracking, definition, 3-3 
cratering charge 

ammonium nitrate, 40-lb, 1-12, 3-24 
improvised, C-4 
cratering effect, 1-2 
cyclonite. See RDX 
DA Form 2203-R, E-1 
delay detonators See firing devices 
deliberate demolitions, 4-43 
demolition card 

description, 1 -45 

safe distance data on demolitions, 5-2 
demolition charges. See charge, 
demolition 

demolition equipment set, explosive 

initiating electric and nonelectric, 1 -46 
Demolition Firing Party Commander, 4-5 
Demolition Guard, 4-5 
Demolition Guard Commander, 4-4 
demolition kits. See also demolition 
equipment set; earth rod kit 
M1A1 bangalore torpedo, 1-19 
M 1 A2 bangalore torpedo, 1-19 
Ml El projected charge (antipersonnel 
mine clearing). 1 -20 
Ml 57 projected charge (antitank 
mine-clearing), 1 22 
M 1 73 projected charge (antitank 
mine clearing), 1-23 
M 1 80 (cratering), 1 -26 
MICLIC (mine clearing line charge), 1 24 



demolitions missiles, hazard, 3-17, 5-2 
demolition orders, 4-4 
demolition principles, 3-3 
Demolition Reconnaissance Report 
description and sample, 4-1 
reproducible report form 
(DA Form 2203-R), E-1 
denial operations, 4-1 
destruction of 

abutments, bridge, 4-47 
aircraft, 4-77 
airfields, 4-76 
bridges. 4-44 
bunkers, 4-80 
canals, 4-76 
caves, 4-81 
channels, 4-76 
combat equipment, 4-83 
demolition materials, 5-7 
electric power plants, 4-79 
electric transmission and distribution 
facilities, 4-79 

equipment and supplies, 4-81 
fortifications, 4-80 
highways, 4-73 
piers and docks, 4-75 
pipelines, 4 78 
POL refineries, 4-80 
pumping stations, 4-80 
radio installations, 4-78 
railroads, 4-73 
roads. See highways 
runways and taxis, 4-77 
telephone and telegraph lines, 4-78 
trenches, 4-81 
tunnels, earthen, 4-81 
tunnels, railway and highway, 4-74 
vessels and ships. 4-75 
water supply, 4-80 
water transportation systems, 4-75 
destructors, explosive. See firing devices 
detonating cord 
clip. Ml , 1 -40 
connections, 2-17 
characteristics, 1-28 
firing systems, 2-1 2 
wick, 3-27 
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detonating velocity, definition, 1 -2 
detonators. See firing devices 
diamond charge, 3-1 6 
ditches 

antitank, 3-31 
blasting of, 3-31 

drawbridge. See bridges, bascule 
dust initiator 

description, 4-79 
application, C-3 
dynamite 

commercial composition, 1-15 
military: 

characteristics, 1-13 

composition, 1-7 

transporting of, 5-4 

standard, composition, 1-7 

„ earth rod kit, explosive, 1 -25 

electric blasting caps 

definition, 1-29 

electrical characteristics, D-1 
electric power lines, hazard, 2-16 

electric storms. See lightning 

expedient demolitions 

ammonium nitrate satchel charge, C-4 

dust initiator. C-3 

grape shot charge, C-2 

improvised cratering charge, C-4 

improved shaped charges, C-1 

platter charge, C-2 

external charges, 3-4 

fire prevention, explosives, 1-4 

fires, class B and C, 5-4 

firing devices 

destructors, explosive: 

M10 universal, 1 -41 

Ml 9. 1-41 

detonators: 

Ml concussion, 1-42 

Ml A2 1 5-sec delay percussion, 1 -43 

M2A1 8-sec delay percussion, 1-43 

firing apparatus: 

Ml delay firing device, 1-44 

firing wire 

electrical characteristics, D-1 
splicing, 2-9 
testing, 2-1 1 — 2-1 2 
types, 1 -39 



firing wire reels, 1-39 
foreign explosives 

characteristics, 1-7 
types, 1-7— 1-8, B-4 
uses, 1-8, B-4 

fuse 

safety, 1 -27 
time blasting, 1 -27 
time, M700, 1-27 

fuze igniter, M6Q weatherproof, 1 -45 
fuze lighter. See fuze igniter 
galvanometer, blasting 
battery types for, 1 -34 
testing of, 1 -33, 2-1 1 
use, 1 -33 

gelatin dynamite, 1-15 
grape shot charge, C-2 
hasty demolitions, 4-43 
high explosives, definition, 1-2 
ice, blasting in, 3-30 
igniter, fuze. See fuze igniter 
improvised shaped charges, C-3 
induced current, hazard, 2-15 
internal charges, 3-4 
lightning 

hazard to electric and nonelectric 
blasting charges, 2-15 
hazard to magazines, 5-6 
low explosives, definition, 1 -2 
Ml adhesive paste, 1-32 
Ml concussion detonator, 1-42 
Ml delay firing device, 1-44 
Ml detonating cord clip, 1-40 
Ml military dynamite, 1-13 
Ml A1 bangalore torpedo demolition kit, 1-19 
Ml A2 bangalore torpedo demolition kit, 1-19 
M 1 A2 1 5-sec delay percussion detonator, 1 43 
M 1 A4 priming adapter, 1-31 
Ml El projected charge demolition kit 
(antipersonnel mme-clearing), 1-20 
M2 cap crimper, 1-33 

M2A1 8-sec delay percussion detonator, 1 -43 
M2A3 1 5-lb shaped demolition charge, 117 
M2A4 15-lb shaped demolition charge. 1 -1 7 
M3 40 lb shaped demolition charge, 1-17 
M3A1 40-lb shaped demolition charge, 1-17 
M6 special electric blasting cap, 1-30 
M8 blasting cap holder, 1 31 
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M10 universal explosive destructor, 1-41 
M 1 9 explosive destructor, 1 -41 
M32 10-cap blasting machine, 1-37 
M34 50-cap blasting machine, 1 -38 
M51 blasting cap test set, 1 -35 
M60 weatherproof fuze igniter. See fuze 
igniter, M60 weatherproof 
Ml 1 2 block demolition charge, C4, 1-10 
Ml 1 8 block demolition charge, 1-10 
Ml 22 demolition firing device, remote 
controlled, 1 -38 

M123E1 1 65-mm cartridge, 1 -46 
Ml 57 projected charge demolition kit 
(antitank mine-clearing), 1-22 
Ml 73 projected charge demolition kit 
(antitank mine-clearing), 1-23 
M 1 80 demolition kit (cratering), 1 -26 
Ml 8^ demolition charge assembly, 1-18 
Ml 86 roll demolition charge, 1-11 
M700 time fuse, 1 -27 
machines, blasting. See blasting machines 
magazines 

permanent, 5-5 
temporary, 5-6 
malfunction, explosives, 5-3 
material, destruction of. See destruction of 
equipment and supplies 
material factor. K, 3-19 
material factor, /W, A-4 — A-5 
MICLIC (mine-clearing line-charge) kit. See 
demolition kits, MICLIC 
mines 

as supplements to demolition 
obstacles. 4-43 
general use of, B-1 
mudcapping, definition, 3-4 
National Board of Fire Underwriters, 5-4 
NATO, 4 10 
nitroglycerin, 1 -6 
nonelectric blasting caps, 1 -30 
North At(antic Treaty Organization. See NATO 
obstacle folder, nonnuclear, 4-5 
obstacles, demolition, 4-1 
Ohm's Law, D-l 
old dynamite, 1-15 

Orders to the Demolition Guard Commander 
and Demolition Firing Party Commander, 4-5, 
4-6 



overburden, definition, 4-81 
package care and repair, explosives, 5-3 
pentaerythrite tetranitrate. See PETN 
pentolite, 1 -7 

permafrost, blasting in, 3 29 
PETN, 1-5 
plastic explosives 

characteristics. See Composition C4 
cutting, 2-24 
platter charge, C-2 
priming adapter. Ml A4, 1 -31 
Quadripartite Standardization Agreement 508. 

See OSTAG 508 
quarrying 

general techniques, 3-4, 3 37 
loading of boreholes, hazard, 1-14 
QSTAG 508, 4-4 
railroad rail, cutting of, 3-1 1 
RDX, 1-5 

reconnaissance, demolition, 4-1 
relative effectiveness (RE) factor 
definition, 1 -2 
use, 1-8, 3-4, 3-20 
reserved demolitions, 4-43 
resistance of a series circuit, D-1 
responsibility, safety, 5-2 
ribbon charge, 3-1 3 
road cratering 

boreholes, 3-24 
definition, 3-24 
deliberate road crater, 3-27 
hasty road crater, 3-26 
relieved face road crater, 3-28 
roll demolition charge, M 1 86. See charge, 
demolition 
saddle charge, 3-1 5 
safe distance from 

demolitions missiles, 5-2 
electric power lines, 2-15 
transmitter antennas, 2-15 
satchel charges 

ammonium nitrate, C 4 
demolition assembly, 1-18 
sealing compound, waterproof. See waterproof 
sealing compound 
series circuits, electrical 

calculation for circuit, D-1 
common series, 2-10 
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series circuits, electrical — continued 
leapfrog series, 2-1 1 
resistance of, D- 1 
shattering effect. See bnsance 
sheet explosive, 1-10 
spalling, definition. 3-3 
splicing electric wires, 2-9 
spot method of demolition, definition, 4 73 
STANAG 2017, Edition 3, 4-4 
STANAG 2123, 4-5 

Standardization Agreement. See STANAG 
stemming 

materials, 3-4 
techniques, 3-2 
storage, explosives 
permanent, 5-5 
temporary, 5-6 
straight dynamite, 1-15 
supplementary adhesive. See adhesive, 
supplementary 
surround, definition, C 3 
tamping, definition, 3-2 
tamping factor, C, 3-18 — 3-19, A-4 — A-5 
test set, blasting cap, M51 , 1 -35 
tetryl, 1-7 
tetrytol, 1 -7 

time blasting fuse. See fuse, time blasting 
time fuse, M700. See fuse, time, M700 

TNT 

block demolition charges, 1 -6 
characteristics, 1 8 
use as rating standard, 1 -6 
transmitter, hazard, 2-15 
transportation, explosives, 5-4 
trinitrotoluene. See TNT 
voltage drop, calculated, D-3 
waterproof sealing compound 
characteristics, 1 -33 
use, 1 33 
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40-MM Grenade Launchers, M203 and M79 
66-MM Heat Rocket, M72A1 , M72A2 (Light Antitank 
Weapon) 

Improved Tow Vehicle, M901 
Pistols and Revolvers 

Submachineguns, Caliber .45, M3 and M3A1 

Browning Machinegun, Caliber 50 HB, M2 

Machinegun 7.62-MM, M60 

60-MM Mortar, Ml 9 

81 -MM Mortar 

Mortar Gunnery 

4.2 Inch Mortar, M30 

Denial Operations and Barriers 



Technical Manuals (TM) 



5-280 

5-332 

9-1375-213-12-1 



Foreign Mine Warfare Equipment 
Pits and Quarries 

Operator's and Organizational Maintenance Manua 
(Including Repair Parts and Special Tool List) for 
DemoJjtion Materials; Demolition Kit, Cratering: 

Ml 80 and Demolition Kit, Cratering, Training: M270 
9-1375-213-1 2-3&P Operator s and Organizational Maintenance Manual 

(Including Repair Parts and Special Tools List) for 
Firing Device, Demolition, Ml 22 
Direct Support and General Support Maintenance 



9-1375-213-34 



9-1 375-215-14&P 



43-0001-38 



750-244-3 



Manual (Including Repair Parts and Special Tools 
List): Demolition Materials 

Operator, Unit, Intermediate (DS), Intermediate (GS) 
Maintenance Manual (Including Repair Parts and 
Special Tools List) for Demolition Kits, Mine-Clearing 
Line Charge (MICLIC) 

Army Ammunition Data Sheets for Demolition 
Materials 

Destruction of Equipment to Prevent Enemy Use 
(Mobility Equipment Command) 



Reference-2 




